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INTRODUCTION 


This  volume  provides  a  list  of  the  energies  of 
gamma-rays  emitted  by  radionuclides,  arranged 
in  order  of  increasing  magnitude. 

The  compilation  has  been  prepared  par- 
ticularly to  assist  in  the  identification  and 
elucidation  of  gamma-scintillation  spectra.  All 
the  quoted  gamma  energies  have  been  taken  from 
the  Table  of  Isotopes  of  Strominger  et  al.K  The 
present  work  is  merely  a  tabulation  and  should 
be  used  in  conjunction  with  the  scientific 
literature. 

Although  it  has  not  been  possible  to  include 
all  the  properties  of  each  nuclide,  an  effort  has 
been  made  to  present  such  features  as  are  likely 
to  be  of  value  to  the  user. 

The  present  table  encompasses  the  one  pre- 
sented in  Applied  Gamma  Spectrometry,  edited 
by  Crouthamel*.  For  much  further  data  on 
gamma  spectrometry  the  reader  is  referred  to 
Crouthamel's  book,  which  also  provides  a 
catalogue  of  gamma-ray  spectra.  Other  useful 
collections  of  standard  y-spectra  have  been 
provided  by  Salmon',  Heath*  and  Anders*. 

In  order  to  confirm  the  identification  of  gamma 
radiations  of  particular  energy,  it  is  often 
desirable  to  determine  the  rate  of  decay  of  the 
radiation.  Half-lives  are  listed  in  the  present 
work  and  Crouthamel*  and  Daniels*  have  pro- 
vided useful  tables  of  radionuclides  arranged 
according  to  increasing  half-life. 

CLASSinCATION  OF  ENTRIES 

Photon-energy — 

Gamma-ray  energies  (in  Mev)  are  listed 
without  qualification  in  the  first  column,  and 
are  preferred  values  taken  from  Strominger 
et  al}.  For  information  on  the  methods  of 
detection,  decay  schemes,  etc.,  the  user  is 
referred  to  the  Table  of  Isotopes  and  its  biblio- 
graphy. 

Nuclide — 

The  second  column  lists  the  radionuchde 
which  emits  the  gamma-ray  listed  in  column  one. 
Metastable  excited  states  are  denoted  by  the 
superscript  '  ra '  following  the  mass  number. 


and  for  those  cases  in  which  two  or  more 
isomeric  states  are  known,  they  arc  distinguished 
by  the  use  of  the  superscript  *  m^ ',  *  m, ',  etc. 

Half-life— 

Half-life  values  are  listed  in  column  three. 
These  may  have  been  determined  by  direct 
measurements,  delay  coincidences,  specific  activi- 
ties, yield  experiments  or  genetic  '  milking  *. 
The  values  so  listed  are  the  *  best '  values  selected 
by  Strominger  et  al}. 

Modes  of  formation — 

The  observed  nuclear  reactions  (giving  the 
target  nuclide,  projectile,  and  outgoing  particle, 
in  order)  by  which  a  radionuclide  is  formed  arc 
listed  in  column  four  (/>  ^  proton,  n  neutron, 
a  =  alpha-particle,  d  =  deuteron,  /  =  triton, 
y  =  gamma-ray  or  X-ray,  /3~  =  electron,  n  = 
pi-meson,  C  =  carbon  ion).  In  those  cases 
where  a  particular  isotope  is  formed  by  the  slow 
neutron  fission  of  *^U,  the  reaction  is  denoted 
by  •**U  («,/).  These  reactions  have  been  taken 
from  Hollander  et  al},  and  the  reader  is  referred 
to  this  work  for  further  information. 

Abundances  of  stable  isotopes — 

The  relative  abundances  for  the  stable  isotopes 
are  given  in  column  four,  in  accordance  with  the 
*  best  values '  as  listed  in  a  report  by  K.  T. 
Bainbridge  and  A.  O.  Nier*,  except  where  they 
are  supplemented  by  more  recent  values.  In 
the  table  these  relative  abundances  refer  to 
isotopic  abundances  of  the  target  nuclide  in  the 
formation  reaction. 

In  those  cases  where  the  target  nuclide  is 
radioactive,  either  artificially  or  naturally,  this 
fact  is  denoted  in  the  table  by  t  (artificially 
active)  and  X  (naturally  active)  respectively. 

Activation  cross  sections  and  fission  yields — 

Activation  cross  sections  for  thermal  neutrons 
are  listed  in  column  six.  The  values  given  have 
been  taken  from  Neutron  Cross  Sections  by 
Hughes  and  Schwartz",  and  refer  to  thermal 
neutron  activation  cross  sections  of  the  target 
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nuclide  in  the  formation  reaction.  The  cross 
sections  are  stated  for  a  neutron  velocity  of 
2200  m/s  and,  for  a  few  cases  in  which  the 
2200  m/s  value  could  not  be  determined,  the 
cross  sections  have  been  included  but  are 
marked  '  pile  neutrons  '  by  means  of  an  asterisk. 
Unless  otherwise  stated,  cross  sections  are  in 
barns. 

Slow  neutron  fission  yields  for  ^^^u  have  been 
obtained  from  The  Radiochemistry  of  the  Fission 
Products  by  Coryell  and  Sugarman^",  and  are 
expressed  as  a  percentage  of  the  total  number  of 
fissions  which  leads  directly  or  indirectly  to  the 
nucUde  fisted  in  column  two. 

Abundances  of  gamma-rays — 

The  intensities  of  the  gamma-rays  Usted  in 
column  one  are  given  in  column  seven,  and  refer 


to  the  number  of  unconverted  photons  emitted 
per  100  disintegrations.  Where  an  absolute 
abundance  has  not  been  determined,  the  relative 
unconverted  photon  abundances  have  often  been 
measured,  and  for  these  relative  abundances  the 
reader  is  referred  to  Strominger  et  al.^. 

Genetic  relationships — 

Where  the  emitting  nucUde  in  column  two  is 
the  parent  (P)  or  daughter  (D)  of  a  radionuclide, 
these  are  indicated  in  column  eight.  The  fisting 
of  these  parent-daughter  relationships  gives 
some  warning  to  the  user  as  to  what  he  may 
expect  in  the  way  of  radiation  from  a  given 
isotope,  since  the  radiation  of  a  suflBciently  short- 
fived  daughter  may  also  be  observed  with  that 
of  the  parent. 
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TABLE  OF  THE  ELEMENTS 


Element  names  are  arranged  so  that  their  chemical  symbols  are  listed  alphabetically. 
In  this  way,  the  user  may  quickly  find  the  names  of  elements  from  their  symbols  in 
the  book.  Also  shown  are  the  elements'  atomic  numbers  (Z). 


Symbol  Element 


Ar 

Argon 

Ac 

Actinium 

Ag 

Silver 

Al 

Aluminium 

Am 

Americium 

As 

Arsenic 

At 

Astatine 

Au 

Gold 

B 

Boron 

Ba 

Barium 

Be 

Beryllium 

Bi 

Bismuth 

Bk 

Berkelium 

Br 

Bromine 

C 

Carbon 

Ca 

Calcium 

Cd 

Cadmium 

Cc 

Cerium 

Cf 

Californium 

CI 

Chlorine 

Cm 

Curium 

Co 

Cobalt 

Cr 

Chromium 

Cs 

Cesium 

Cu 

Copper 

Dy 

Dysprosium 

E 

Einsteinium 

Er 

Erbium 

Eu 

Europium 

F 

Fluorine 

Fe 

Iron 

Fm 

Fermium 

Fr 

Francium 

Ga 

Gallium 

Gd 

Gadolinium 

Ge 

Germanium 

H 

Hydrogen 

He 

Helium 

Hf 

Hafnium 

Hg 

Mercury 

Ho 

Holmium 

Atomic 

number 

Symbot 

Element 

18 

I 

Iodine 

89 

In 

Indium 

47 

Ir 

Iridium 

13 

K 

Potassium 

95 

Kr 

Krypton 

33 

U 

Lanthanum 

85 

Li 

Lithium 

79 

Lu 

Lutecium 

5 

Lw 

Lawrencium 

56 

Mg 

Magnesium 

4 

Mn 

Manganese 

83 

Mo 

Molybdenum 

97 

Mv 

Mendelevium 

35 

N 

Nitrogen 

6 

Na 

Sodium 

20 

Nb 

Niobium 

48 

Nd 

Neodymium 

58 

Ne 

Neon 

98 

Ni 

Nickel 

17 

No 

Nobelium 

96 

Np 

Neptunium 

27 

O 

Oxygen 

24 

Os 

Osmium 

55 

P 

Phosphorus 

29 

Pa 

Protoactinium 

66 

Pb 

Lead 

99 

Pd 

Palladium 

68 

Pm 

Promethium 

63 

Po 

Polonium 

9 

Pr 

Praseodymium 

26 

Pt 

Platinum 

100 

Pu 

Plutonium 

87 

Ra 

Radium 

31 

Rb 

Rubidium 

64 

Re 

Rhenium 

32 

Rh 

Rhodium 

1 

Rn 

Radon 

2 

Ru 

Ruthenium 

72 

S 

Sulphur 

80 

Sb 

Antimony 

67 

Sc 

Scandium 

Atomic 
number 

53 
49 
77 
19 
36 
57 

3 
71 
103 
12 
25 
42 
101 

7 
II 
41 
60 
10 
28 
102 
93 

8 

76 
15 
91 
82 
46 
61 
84 
59 
78 
94 
88 
37 
75 
45 
86 
44 
16 
51 
21 
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Symbol 


Element 


Se 

Selenium 

Si 

Silicon 

Sm 

Samarium 

Sn 

Tin 

& 

Strontium 

Ta 

Tantalum 

Tb 

Terbium 

Tc 

Technetium 

Tc 

Tellurium 

Th 

Thorium 

Ti 

Titanium 

Atomic 

number 

Symbol 

Elemei 

34 

Tl 

Thallium 

14 

Tm 

Thulium 

62 

U 

Uranium 

50 

V 

Vanadium 

38 

W 

Tungsten 

73 

Xe 

Xenon 

65 

Y 

Yttrium 

43 

Yb 

Ytterbium 

52 

Zn 

Zinc 

90 

Zr 

Zirconium 

22 

Atomic 
number 

81 
69 
92 
23 
74 
54 
39 
70 
30 
40 
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Cross  Section        Abundance  of 
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Fission  Yield 

Radioacti%>e 

Parent  or 
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0000075 

»»6nnj 

265m 

D*^«Pu 

ooo3r?) 

*»»Pu 

24360y 

"•Pu  (/l,y) 

t 

403  X  10 

D***Np 

"•U  (a,3n) 

99276: 

pm«u 

00039 

""Hf 

44  6d 

'••HfCn.y) 
'"Ta  (n,p) 

35-22       i 
99-9877 

10  ±  3 

0  0051 

»"Er 

7-8h 

"•Er  (/i,y) 

1488 

9±2 

P>"Tm 

0-0075 

••"Sr 

70m 

•*Sr  (n.y) 
"Rb  (/»,/!) 

056 
72  15 

<  1 

"Rb  (d,2n) 

72  15 

00084 

'••Yb 

31-8d 

'"Yb  (/T,y) 

"•Tm  {d,'2ji) 

0140 
100 

11000  -  3000* 

D»»«Lu 

-0  0084 

>"Er 

94d 

'••Er  (/f,y) 
"•Er(y^) 

27-07 
1488 

20   „  0  4 

00093 

•imicr 

lUm 

••ICr(/i.y) 
-Se  (a./l) 

11  56 
11  56 
4982 

45    r  15 

D»«Br 
D'^Rb 

00093 

"»Rb 

83d 

"Br  («.2/i) 

4948 

P«*"Kr 
D*»Sr 

OOIO 

i"Ce 

8-7h 

"•Ce  (/I.y) 
'••La  (</.4n) 
'••U  {j),ln) 
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99  911 
99  911 

6  3  ±  15 
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100 
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10  44 
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0012 

"«mSb 

1  3m 

"»Sb  (/I.y) 
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30  i  15mb 

0012 
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2  1  X  10»y 

• 

00122(?) 

»"Pu 

4-98h 

•"Pu  (n,y) 

t 

19  ±  1 

P«*»Ara 

00124 

'"Er 

7-8h 

"•Er  (H,y) 

14-88 

9±2 

P»"Tm 

00125 

"•Pu 

24360y 

•••Pu  (/l,y) 
•••U  (a,3/l) 

t 
99-276: 

403  ±  10 

p>um[J 

0  0127 

i.«npt 

43d 

'•*Pt  (/l,y) 
"•Pt  (^,/7) 

»«Pt  (/l,2/l) 
"•Ir  {d,2n) 

0-78 
078 

32-9 
61  5 

90  a:  40 

D»»Au 

D"*"Au 
(0-03%) 

00127 

»"Au 

15-8h 

»»4r  (a,2/i) 
"•Pt  {d,n) 
"*Pt  (</,3/i) 

38-5 
0-78 
32  9 

D"^Hg 

£)it«nHg 

00135 

"As 

76d 

'•Se  (p,a) 

2055 
9-02 

P^«>Ge 

00135 

'*Ga 

5  Oh 

'•Ge  (/i,/7) 
'*Ge  (y,p) 
"'U(n,/) 

7-67 
3674 

1.0  X   10-*% 

•Pile 

Neutrons 

t  Arrifiriany 

Active 

:  Natundly  i 

Active 

y-Energy 
fMev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 
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Stable 

Isotope 

Thermal  Neutron 

Activation             Per  Cent 
Cross  Section       Abundance  of 

(Barns)  or           y-Radiation 
Fission  Yield 

Radioactive 

Parent  or 
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0  0135 

'»™Ge 

0-53S 

D"As 

001437 

"Co 

270d 

"Fe  (d,n) 
"Fe(/7,y) 

91-68 
91-68 

D"Ni 

0016 

«»*Pa 

270d 

»*Pa  (n,y) 
"Th  (d,n) 
"^1  (cc,p2n) 

t 
lOOJ 

loot 

760  ±  100* 

D233Jh 

P233U 

00172 

"iTh(UY) 

25-64h 

"«Th  (n,y) 

+ 
+ 

35  ±  10* 

D"^U(AcU) 
p23ipa 

00181 

"»Th(UY) 

25-64h 

""Th  (n,y) 
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+ 

35  ±  10* 
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»"U 
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+ 

p227Jh 

• 
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"^Th  (a,5n) 

+ 
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uipd 

21h 

»*U(n,/) 

8-3  X  10-"% 

P"*Ag 

0  0185 

i««m*Sb 

21m 

"»Sb  (n,y) 

42-75 

30  ±  15mb 

0  0188 

»"Tb 

5-6d 

0O189(?) 

*"Pa 

3-43  X  10*y 

*«Th  (d,3n) 

loo: 

N. 

£>231Th(UY) 

p227Ac 
D281U 

00189 

i"Eu 

l-7y 

»«Eu  (n,y) 
»"Sm  (c/,/i) 
"*U  (/I,/) 

f 
22-53 

1500  ±  400* 
-0-03% 

D"«Sm 

0^199 

»"Re 

640h 

"iTa  (a,3n) 

99-9877 

26-4 

26-4 

0O20(?) 

"TSTp 

2-20  X  10^ 

D*"U 

p23»pa 

0-0207 

iwYb 

31-8d 

""Yb  (n,y) 
"•Tm  (^,2/i) 

0140 
100 

11000  ±  3000* 

D"»Lu 

0<>21 

»'Sm 

'-93y 

'»U(/i,/) 

0-445% 

0O210 

»»»Tb 

5-6d 

0O216 

"K3d 

150d 

»"Eu  (d,2n) 

47-77 

0O23(?) 

'^r 

57h 

"Se  (^,/i) 
"As  (a,2n) 
"Se  («,p) 
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100 

0-87 

P"raSe 

0<r230 

"As 

62h 

"Ge  (</,/!) 
"Ga  (a,2n) 

2055 
60-2 

P"Ge 

002383 

"•Sb 

38  Oh 

"•Sn(/)^) 

2401 
8-58 

D"»Te 

00242 

"Kr 

Mh 

"Sc(a^) 

0-87 

0O242 

"••"Sn 

250d 

"•Sn(/i,y) 

2401 

10  ±  6mb 

0O25 

»Sc 

121d 

'*Sc(/l,y) 
"As  (</,2/i) 
"As(p,n) 

0-87 
100 
100 

26  ±6 

*  Pile  Neutroni 
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0025 

00255 

00255 
00256 

00256 
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00256 

0026 

00264 
00264 

00265 
00268 

00268 


0027 

00275 

00275 


0  0276(?) 


«»^Th(UY) 

MXU 

"»Tb 
i"Ho 


"•Np 
"»Eu 


«»Te 


•Te 


"•Pu 
"'Ra 
"'Pa 


*Os 


9-2h 
55m 

13h 

25-64h 

4-3d 

6-88d 

2-5h 

410(1 

458y 
6-75d 

l-7y 
335d 

72m 


1085d 
41  ^m 
3-43  X  10*y 


21  •% 


"FeO;,/!) 
"Co(y^) 
"Ni(/i./^) 
»"Pd  (a,n) 
'•'Ag(p.3n) 
'••Cd  (n,2n) 
»»Rc  (a,2n) 
"•Os  id,3n) 
*«mi(/f.y) 
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"'Pa  (a.p3/i) 
"»Th  (o,5ii) 
'••Tb  (/I.y) 
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»"Dy(p,/i) 
"•Dy  (</,/!) 
"»U  (^,2n) 
"»U  (a,/>/l) 

•"U(/I.y) 
"•U  (/f.2«) 
"*Eu  (/I,y) 
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"»U(/i,/) 
"Te  (n,y) 
"Te  (J,/)) 
"Te  (/i,2w) 
"*U  (/I,/) 
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««Pu(/i,y) 
"•Ra  (/i,y) 
"*Th  id,3n) 


"»Re  (p,4/i)  37-07 


0  31 
100 

67  76 

0% 

51-35 

1  22 
37-07 

13-3 

♦ 


loo: 

t 

219 
25-53 
100 
1888 
2-294 
0720J 
t 

t 
99-276: 

t 
22-53 

31-79 
31-79 
34  49 

31-79 
31-79 
34-49 
34-49 

t 


loo: 


35  ±10* 


525  ±  100' 


6±1 

1500    ±400* 

-003% 
15  ±  5mb 


019% 
0  13  ±  0O3 


260  ±  150* 
20  ±  3* 


13 


D««U 

(AcU) 
P»"Pa 
P"Th 
P"'Pa 

D"Kjd 


D"'Er 


D«"Pu 
P"»Np 
D"'Pu 
D"»Sm 


P»«n"e 


D"*»Te 

D"»Sb 


P"«Am 

P"^Ac 

D"'Th 

(UY) 
P«"Ac 
D"»U 
P(13h) 

•"Re 


*  Pile  Neutrons 


t  Artificially  Active 

3 


J  Naturally  Active 


'/-Energy 

(Mev) 


Nuclide 


Some  Modes 
Half-Life       j      of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(Bams)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0  0277        !  ^'HTd 


00277 


»Tb 


0-028  ^'Kr 

0^28  "Kr 


55m 


688d 


9-7h 
2-77h 


"*Pd  (a,/l) 
"'AgO,3n) 
^"•Cd  {n,2ri) 
"Tb  (n,y) 
"•Gd  {d,n) 
"*Dy(y,/?X?) 

"Kr(/i,y) 


0028 


0O286 
00290 


'Pa 


"•Hg 
»»*Th 

(UX) 


270d         1  »*Pa(/i,y) 
»*Th  {d,n) 


23m 
2410d 


"»Th  {a,p2n) 
"Th  {n,y) 


0O292      !  »»mi 
00296       !  '••Ba 


0O297 


•T^lp 


0-0297(?)  I  »*«Pu 
00299  »»'Pa 


22  12m 


12-80d 


2  20  X  10^ 

498h 

3  43  X  10*y 


"*Th  (/I,y) 
"*Th  {d,p) 
"•Ba  (n,y) 


"*Pu  (n,y) 


0^30  ""W  30m 

0O30  '"Nd  20h 


'"Ta  (p,3/i) 
'"Nd  (/l,y) 
!  '♦•Nd(</,p) 
■  '»^d(/f» 


0H)300 


(RdAc) 


1817d 


0O304 
0O304 


"Zr  11   X  10^ 

•*"Nb  12y 


096 

51-35 
1-22 
t 
21-9 
25-53 


t 

loot 
loo: 


t 


loot 
loot 

t 


loot 


99-9877 
5-72 
5-72 
5-60 


525  ±  100* 

<  600 
760  ±  100* 

1400  ±  200* 


7-33  ±  0-12 

4  ±  1 
617°/. 


19  :r  1 


3-7    r  1-2 


21 


14 


D»""Gd 
P^«Br 

p88Rb 

D'OBr 
D"»Th 

pass  IT 

pi8.Au 

D"«U 

pasimpg 

(UX,) 

P"*Pa  (UZ) 
(0  63%) 
P«»»Pa 

P"''La 
Descendant 
"«Xe 
D»»'U 
P«"Pa 
P^"Am 
D»"Th(Uy) 
P"'Ac 
D"'U 


P"»Pm 
D"'Ac 

P"«Ra 

(AcX) 
D"'Pa 
D"'U 
P»"«Nb 
D"Zr 


•  Pile  Nrutrofu 


t  Anifidally  Active 

4 


X  Naturally  Active 


Y-Energy 

(Mev) 

Nuclide 

Half-Uft 

SomtModts 
of  Formation 

Percent     \ 

Abundanceof 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radioactive 
Cross  Section       Abundanceof        Parent  or 

(Bams)  or           y-ZLidiarum        Daughter  of 
Fission  Yield 

i                               ! 

00306 

«iTI 

72h 

»'Au  («,y) 

100 

1  D»«»Pb 

"'Hg(rf,2«) 

1322 

OK)308 

»»»Au 

180d 

>"Ir  (a.2/T) 
'"Pt  (J^) 
'•»Pt  id,2n) 

61  5 
329 
33-8 

P»»»"Pt(?) 

£)l"«Hg 

D»»Hg 

0-0308 

iMjr 

lid 

D»««Pt 

p»**>o« 

0  0309 

mtmOs 

5-7h 

D>"lr 

0-0311 

i»sinp>f 

3-5d 

"•Pt  (y^) 

252 

D"»Au(?) 

0-0312 

"»Ra 

(AcX) 

11  ^Sd 

(RdAc) 
D»"Fr 

(AcK) 
P«»Rn(An) 
D»"Ac 

0-0313 

i.«Hg 

5-7h 

P»»»Au 

0O313 

'»Tb 

56d 

0  0316 

»"Th 
(RdAc) 

18-17d 

D^'Ac 

P^Ra 

(AcX) 
D«"Pa 

0-0319 

»»*»Au 

3-9s 

piMmpt' 

(003%) 
D"*»Hg 

0-032 

"»Rn 

16h 

•••Bi  (a,2n) 

100 

P»"At 
p«wpo 

0-032 

"Mg 

21  2h 

-Si(y.2/») 

312 

P»A1 

0-0321 

»Qiyj 

72h 

"'Au  (a.y) 
"'Hg  (</,2ii) 

100 

13-22 

D»«'Pb 

00325 

"Rb 

83d 

"Br  (a,2«) 

4948 

P*«Kr 
D*»Sr 

0-0325 

•*«Kr 

ll4m 

"Kr(/i,y) 
"Kr(t/^) 
-Se  (a,/l) 

1156 
11-56 
49-82 

45  dbl5 

D"Br 
D»«Rb 

0-0328 

•••Pb 

21-5h 

D»^«Bi 
D~*Po 

0-0332 

•"Pu 

i 

456d 

"»U  («,2«) 
i  "»Np(</.2/i) 

0720t 

t 

00332 

*"Am 

458y 

D»"Pu 

00332 

»»'U 

6-75d 

"•U  (/i,y) 
;  »*U(/»,2n) 

t 
99-276: 

6  ±  1 

P»^p 
D"'Pu 

•Pile 

Neutrons 

t  Artificially 
5 

Active 

*  Natiirally  i 

Vctive 

y-Energy 

(Af«;) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

00334 

i82Xa 

1151d 

"^Ta  (n,y) 
"^Ta  {d,p) 
"*W  {n,p) 

99-9877 
99-9877 
26-4 

19  ±7 

Weak 

0O334 

"H:e 

285d 

»«»Ce  {n,y) 

t 

6-0  ±  0-7* 

5-3% 

pi44pr 
Descendant 
"*Xe 

0O344 

t«niyQ 

51 -5m 

"Mo  (j),ri) 

16-50 

0O35 

'^*Sb 

20y 

"»U(/i,/) 

5-98 

0-023% 

D(9-4d) 

"»Sn 

pi25mjg 

0O35 

"•Am 

25-Om 

P*"Cm 
D"«Pu 

0-0354 

»»I 

60^ 

»»Sb  (a,2«) 
"♦Te  (c/,/i) 

42-75 
4-61 

Di«Xe 

0-0355 

itsm-J-g 

58d 

"*Te(«,y) 

4-61 

5  ±3 

D"«Sb 

0036 

"»Ain 

l-98h 

£)245pu 

0-0362 

"•Ir 

lid 

£)18»pt 

pi89mOs 

0-0366 

"*Ac 

lOOd 

• 

D22SRa 

p22ipj. 

D"»Pa 
D"»Th 

0O367(?) 

"•Pu 

4-98h 

*«Pu  (n,y) 

t 

19  ±  1 

P"»Am 

0O37 

••"Br 

4-38h 

'•Br(/,,y) 
"Br  (</,p) 
•«Se  {d,2n) 
^Sc{p,n) 

50-52 
50-52 
49-82 
49-82 

2-9  ±  0-5 

psoBr 

0O370 

..»71 

l-2h 

pi.5Hg 

0O37I 

i.»mHg 

400h 

"'Au  (J,4/j) 
"'Au  (/7,3i) 

100 
100 

pi'smAu 

pi96Hg 

0O374 

»"Au 

15  8h 

"•Ir  (a» 
"*Pt  id,n) 
••♦Pt  (</,3/») 

38-5 
0-78 
32-9 

D»"Hg 

Di.smHg 
pi.spt 

0O374 

i.*Ir 

15h 

0O379 

IMHg 

-6h 

D»«"Hg 

0038 

.«, 

1  72  X  10»y 

0O381 

"•Pa 

3  43  X  lO^y 

"TTi  (i/,3/i) 

loo: 

D">Th(UY) 

P'"Ac 

D»'U 

0^82 

•••Ho 

67fn 

•*»Tb  («,/t) 
'"Dy(p./») 
••»Dy  (f/,2/i) 

100 

25-53 
25-53 

0^383 

»»«Pu 

24360y 

"'Pu(/i,y) 
•••U  (a,3«) 

t 
99-2761 

403  ±10 

Very  weak 

D"»Np 

pitim^ 

•  PU«  Neutrons 


t  Artificially  Active 

6 


\  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

Hal/-U/e 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Acttvation 

Cross  Section 

{Bams)  or 
Fitwm  Yield 

Per  Cent 
AbtmdoHetof 
Y-RadiatioH 

Radioactive 

Pu-rent  or 
Daughter  of 

00384 

»"Ac 

lOOd 

D»»»Ra 
pMipr 
D"»Pa 
D"*Th 

003896 

»6m'J'Q 

60d 

••Mo  (d,2«) 
••Mo(p,n) 
•«Mo  (d^) 

15-70 

15-70 

912 

0039 

i.omOs 

95m 

D(32h)'»«lr 

0  0391 

»«»Rc 

64-Oh 

"Ta  (a,3/i) 
»»«W  (d,2n) 

999877 

26-4 

264 

00392 

LWlHg 

lO-Oh 

"'Au  (/>,5n) 

100 

P»»Hg 
P'»»™Au 

00400 

"•°»Xe 

8-Od 

"•Xc(/i.y) 

1^19 

<5 

00400 

lOJmRh 

57m 

D'»»Ru 
D'»»Pd 

0040 

••Sr 

33h 

P»»Rb 

0040 

»"Sb 

5  Ih 

»"Sn  (</.ii) 

95-77 
7-57 

D"««Sb(?) 

0040 

"•Cs 

30-7h 

"»I  (a,2/l) 

100 

D'»»Ba 

0040 

»"Ra 

148d 

•««Ra  (/i,y) 

: 

12-0  ±  0-5* 

33 

D"Th 
P"»Ac 

0040 

"»Bi(ThC) 

605m 

Strong 

D"»Pb 

(ThB) 

piiipO 

(ThC) 
pt«rn 

(ThC) 
D*"At 

00401 

"»Pa 

27^ 

«»»Pa  (rt.y) 

"Th  (d,n) 
»»»Th  (aj»2rt) 

t 
loo: 

loot 

760  ±  100* 

D«»«Th 

P»»U 

D"'Np 

0-0402 

"•Pd 

17  0d 

»»«Pd  (n,y) 
"»Rh(p,/i) 
"»Rh  (<^,2n) 

0-% 
100 
100 

4  8  ±  1-5 

P'»»"Rh 
D'*»Ag 

0-0408 

"*Cfc 

285d 

"»Ce  (/l,y) 
»"U(n./) 

t 

6-0  ±  0  7* 
5-3% 

pi.*Pr 

Descendant 
»"Xc 

00410 

"•Re 

71d 

"»Ta  (a,2n) 
"•W  {d,n) 

99-9877 

144 

264 

WHy& 

*  Pile  Neutrons 


t  Artificially  Active 
7 


X  Naturally  Active 


y-Energy 


Nuclide 


HaJf-Ufe 


Some  Modes 
of  Formation 


Per  Cent     j 
Abundance  of  \ 
Relevant 
Stable 
Isotope       I 


Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  oj 


0  0410 


0-041 


0O41 
0-0415 

0-0415 
0-0417 

0-0417 

0  0417 
0^18 


0042 
0O42 
0^2 

0O421 

0^22 
0-0427 

0O428 

0O429 
0K)429 

0^29 


'"Ta 


•Mo 


•««>Nb 
»»«Tb 

tS«£ 

itunjf 
"Zn 


I  "»Bk 

i 

j  "-Cf 

"Ge 
"""Am 


"•Am 


"K:m 


5  0<i 


66  Oh 


3-24h 
6  6m 

62h 
20O3d 

16-Od 

4-9s 
933h 


45h 
357h 
11 -Sh 

1601h 

4-98h 
lis  Id 

1-62  X  10»y 

73m 
51h 


17-9y 


"T-a(/i,y) 
"»W  {n,p) 

^•*W  {y,p) 

"Mo  {n,y) 

••Zr(a,«) 

"Mo  (d,p) 

^••Mo  {n,2n) 

^••Mo  (y,/i) 

"*U  (/I,/) 

"Nb(i,y) 
"Nb  {d,p) 
>"Eu  (a,2/l) 


"Os(/i,y) 


••Ni  (a,2n) 
"Zn  (y,2/i) 
•»Cu  0,2/») 
"'Am  (a,2n) 
"»Cm  {d,n) 
"»Cm  (a,n) 
"♦Cm  (a,2w) 
'•Ge(n,y) 
'•Ge  (</,p) 
"Se  (/I,a) 
">Am  (w,y) 

"•Pu(«,y) 
">Ta  (n,y) 
•••Ta  (d,p) 
»"W  (/I,/;) 
"*U  (/i.y) 

"•Np  (/i.y) 
"'Np  («,/») 
"•Pu  id,n) 
"•Pu  («.p2/f) 
•«»Cm  (/J.y) 


t 
14-4 
30-6 
23-75 
2-80 
23-75 
9-62 
9-62 


100 
100 

47-77 


26-4 


26-16 
48-89 
691 

t 

t 

t 

t 
7-67 
7-67 
49-82 

t 

t 
99-9877 
99-9877 
264 

t 

t 
t 
t 
t 
t 


17000  ±2000* 
0-45  ±0  10 

6-2% 
1  0  ±  0-5 

8  ±3 


80  ±  20mb 


750  ±  80* 


19  ±  1 

19  ±7 


300  ±  200* 
35  ±  10* 

250  ±  150* 


002 


1-4  X  10-* 
3-7  X  10-» 

1 
Weak 

005 


p»»mJc 


D(37h)»*E 


P"»Gd 
D"*Cf 
D^^Fm 

£)i»imOs 
pitimJi- 

P"Cu 


P"»Cm 

P"*Cm 

D*"E 

P"As 


P"*Cm 

P"»Pu 

P"»Am 


D"»Pa 
P"»Th 
D"»U 


D"«Am 
D"«Bk 
P»«opu 
D'^Cf 


*  Pile  Neutrons 


t  Anifkialiy  Aaive 

8 


X  Naturally  Activt 


Y-Energy 

(MevY 


Nuelidt 


Hcdf-Uft 


Per  Cent  Thermal  Neutron  ; 

\  Abundance  of  Activarion              Per  Cent          Radioactive 

Some  MoeUt       |      Relevant  Cross  Section      '  Abundance  of        Parent  or 

of  Formation              Stable       \  (Bams)  or         I  y-Radiation       Daughter  of 

j       Isotope      I  Fusion  Yield 


0-0429 
0O43 

0-043 

0-043 
0-0430 


0O434 
0O435 

0-0435 


0-0435 
0-0435 

0^40 


0O440(?) 


0-0441 


0^>445 


»«Cf 


*Np 


"*Rc 

"♦Pa 

(uxo 


»»Cf 
«"Pu 

"*Pu 


'Pa 


'•Cm 


•Kr 


10  9y 
1175m 

440d 

22d 
666h 


2-2y 
4S-6d 

86-4y 


458y 
675d 

210d 


3-43  X  10*y 


162  5d 


34-5h 


"•Cf(/f,y) 
»»Pa  (n,Y) 


*"U  (J.3n) 
»»U  {a,p4n) 
»»U  (p,2n) 

"•U  (</,/!) 

*"V  (a,p2n) 
'"Ta  (a,/i) 
'•*W(/»^) 
"•Pa  (n,y) 


"'Cf(/I,y) 
"»U  (a,2H) 
*"Np  (d,2n) 
"*U  (d,2n) 
"•U  (a,4n) 
"»U  («,«) 

"•U  («,y) 
"•U  (n,2n) 
"'Np  (/l.y) 
»'Np  (</,p) 
"*U  (</,2/i) 
"*U  (a,p3n) 
"*Th  (</,3/i) 


"•Pu  (a,/l) 
""Am  (</,/!) 


"Kj-(/l,y) 
••Se  (a,n) 
"Br  (^,2n) 


0720: 
0720: 
0720: 
t 
t 
99-9877 
306 
t 


t 

0720: 

t 

99276: 

99276: 

OTTfn 

t 
99276: 

t 

t 
99-276: 
99-276: 

lOO: 


0354 
9-02 
50-52 
50-52 
0354 


270  ±  100* 
43  ±5 


25  ±4 


3000  ±2000* 


6  ±  1 
169  ±6 


2-0  ±  0-5 


0O38 


D»*«Bk 
P"«Cni 
D«»«Th 

(UX.) 
P^U(U„) 
P"«Pa(UZ) 
D"«Pu 


P^U(U„) 

D«»*Pa(UXJ 

D»*Th 

(UXJ 
(0  63%) 
P"'Cm 


D*»«Np 
D"H:m 

D">Pu 

P"»Np 

D"'Pu 

P"»U 

D»*»Am 


D"»Th(UY) 

P"^Ac 

D"»U 

D"»Am 

D»**"Am 

D"*Cf 

P*»«Pu 


•  Pile  Neutrons 


t  Artifidally  Active 
9 


:  Natunlly  Acttre 


y-Energy 

{Mev) 

Nuclide 

j 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

00445 

"*™Am 

16-Olh 

*"Am(/i,y) 

t 

750  ±  80* 

P-'^Cm 
p2«Pu 

00446 

"•Np 

2-346d 

"•'U  {d,n) 
"«U  {a,p2n) 

99-276t 
99-276t 

.« 

D"»U 

P"»Pu 
D^"Am 

00446 

"•Np 

22h 

"^U  {d,n) 
"*U  {a,p2n) 

»»U  {a,p) 

"'Np  {n,2n) 

0-720J 
0-720J 

t 
t 

P"«Pu 

0-0447 

"»Ain 

12h 

»'Np  (a,2«) 
"•Pu  {p,n) 
"•Pu  (^,2«) 
"•Pu  (a,p3«) 

t 
t 
t 

t 

0045 

•H3e 

^150111 

P^^Ga 

0-0451 

»««nAm 

16-Olh 

*"Am  (/i,y) 

t 

750  ±  80* 

Weak 

P*"Cm 
P*«Pu 

0O453 

»««Pu 

6580y 

"•Pu  (/l,y) 
""U  (a,2/l) 

t 
99-276: 

315  ±  16 

D"*Cm 

00453 

"«Np 

22h 

»*U  (J,/i) 
"»U  {a,pln) 

»'Np  (w,2/i) 

0-720: 
0-720t 

t 
t 

P"«Pu 

0^53 

»"Eu 

l-7y 

"♦Eu  {n,y) 
"»U  in  J) 

t 
22-53 

1500  ±  400* 
^•03% 

D"*Sm 

0-0453 

usjb 

56d 

0-046 

"Br 

6-^^11 

"Se  (</,/!) 
"SeC/)./!) 
"As  (a,/l) 
"Br  (/j,2n) 

7-58 
23-52 
100 
50-52 

0O46 

"Br 

230h 

«Se  (c/,/») 

9  19 

0-48% 

D"Se 

p83mKr 

0^)460 

"Se 

840d 

"As  {J,5n) 

100 

P"As 

0^)465 

(RaD) 

19-4y 

D"«T1 

(RaC) 
D"«Po 

(RaC) 

P(5d)*"'Bi 
(RaE) 

0<>465 

•••Re 

7Id 

"'Ta  («,2n) 
'»»W  {p,/i) 

99-9877 

14-4 

26-4 

D««»Os 

*  Pile  Neutron* 


t  Anifkially  Active 
10 


I  Naturally  Aaivc 


y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  YieiJ 

Per  Cent 
Abimdamet<^ 
Y-RadiMiom 

Radioactive 

Parent  or 

Daughter  of 

00465 

"Ta 

5-Od 

"»Ta(/r.y) 
»«»W  in,p) 
^"WCy,/)) 

t 

14-4 
306 

17000  ±  2000* 

00468 

"•At 

83h 

"•Bi  («,3n) 

100 

pii.po 

P^-Bi 

0047 

M.pu 

2-85y 

"•U  (a.3/l) 
"•U  (d,2n) 
"•U  (a  An) 
"»Np  (d,2n) 

0720: 
99276: 
99  276: 

t 

0O31 

p.«U 

D»*H:m 
D*»^Np 

0047 

"•Pu 

1085d 

"*Pu  (/I.y) 

t 

260  ±  150* 

P^««Ain 

00472 

«ipa 

1  31d 

"•Pa  (/I.y) 
»'Pa  id,p) 
»"Th  (J.2/1) 
"Th  («,p3/f) 

♦ 

loo: 
loo: 

200  ±  15 

pt..y 

00472 

»*»Tm 

29h 

P»«»Er 

00474 

>"Re 

20h 

0-0478 

nsmyj 

19h 

"»Au  («,3/f) 

100 

D(25m)"^Pb 

0048 

»»»Am 

12h 

••^p  («,2n) 
•••Pu  (p^) 
•••Pu  (J,2n) 
•••Pu  (a,p3/l) 

t 
t 

t 
t 

0048 

"•U(Ui) 

4-51  X  10^ 

P»TTi(UX,) 

0O48 

"*Hg 

04s 

00482 

>»»Au 

3  Oh 

">lr  (a,4/f) 
"•Pt  (</,3/i) 

385 
0-78 

pifipt 
D"'Hg 

00489 

"»Tb 

6-88d 

'•n'b(/l,y) 
»»Hjd  (rf,/i) 
"•Dy(y./7X?) 

t 
219 
2553 

525  ±  100* 

D"Kjd 

0049 

•••"Br 

4-38h 

"Br  (/I.y) 
"Br(^,p) 
••Se  (d,2n) 
-Se(/7,/,) 

50-52 
5052 
4982 
49-82 

2  9  ±  0-5 

P-Br 

00494 

•••Np 

2-346d 

•••U  (a,p2n) 

99-276: 
99-276: 

P«^^Pu 
D»"Am 

00495 

"•Am 

12h 

"'Np  (a,2n) 
•••Pu  (/>./«) 
•••Pu  id,2n) 
•••Pu  (a,;73/t) 

t 
t 
t 
t 

, 

00497 

"•Au 

314d 

»«AU  (/I.y) 

'•«pt(^,/.) 

»-Hg(/i^) 

t 
7-19 
16-84 

26000  ±  1200 

D»^»Pt 

*  Pile  Neutrons 


t  Artificially  Active 
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:  Naturally  Active 


Y-Energy 


NucUde 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 


Per  Cent     |      Radioactive 
;  Abundance  of  I       Parent  or 
I  y-Radiation  \     Daughter  of 


0O498 


0O5 
00500 

0O50 


~0K)50 
0^501 


0O508 
0-051 
0-0511 
0O517 


0-0517 
0O526 


0O526 


0O526 


00528 


0-053 


«"Fr 

(AcK) 


••Ce 
••XI 

"U(Uu) 


22m 


13-9m 
7-4h 


2-48  X  10^ 


"'Au  (a,2n) 
"•Hg  (,d,2n) 
•"U  (/i.y) 


*-U  ;  2-39  X  lO'y     "*U(n,y) 

«»mi  1817d 

(RdAc) 


"•Pu 
"»E 

•••Pa 


••Tb 
"'Pa 


24360y 
2003d 
4-4m 
17-7d 


62h 
3-43  X  IO«y 


"OPU  (/J,y) 
*"U  (a,3/j) 


"»Rh  («,y) 
»"Ru  (j),n) 
»*Th  (^,4«) 
"»Th  («,p5rt) 
"«Th  (f/,2//) 
"'Pa  (iy,/72/i) 
"'Eu  (u,2n) 
"Th  (d,3/») 


•Re 


«MTa 


•Pa 


•*Oa 


71d 


50d 


17-7d 


15  2m 


100 

16-84 

t 


t 
99-276t 


100 
18-5 

loot 
loot 


47-77 

loot 


">Ta  (a,2n) 

99  9877 

"*y^(p,n) 

14-4 

'•»W  id,n) 

26-4 

'•Ta  («,y) 

t 

"•W  (n,p) 

14-4 

•••W  (y,p) 

306 

••Th  (r/,4«) 

loo: 

••»Th  (a,p5n) 

loo: 

'*nh  (d,2n) 

"'Pa  (d,p2,i) 

* 
* 

••Zn  (</.«) 

48-89 

•♦Zn  (/7.y) 

48-89 

52  ±  2 


107  ±5 


403  ±  10 


12  ±2 


17000  ±  2000* 


40 


Weak 


D«"Ac 

P^'RaCAcX) 

P^'At 

pi46pr 

D"»Pb 

D"*'"Pa 

(UX,) 
D"*Pa(UZ) 
P^-'Thao) 

D"'Ac 

P*"Ra 

(AcX) 
D*"Pa 
D"'U 

D"»Np 

p286mU 

D"»Cf 

D"»Fm 

P"*Rh 

pasoTj 

P^oThCIo) 
P"«Ac 

P»»Gd 

D"'Th(UY) 

P"'Ac 

D*"U 

D"»Os 


piMU 

P"»Th(Io) 
P"«Ac 

P«»Zn 


•  Pile  Ncutrunt 


t  Artificially  Active 


I  Naturally  Active 


12 


y-Energy 

{Mev) 

Nutlide 

Haif-Ufe 

Som*  Modes 
of  Formation 

1     Pct-  C*nr 
,  Abundance  of 
1     Relevant 

Stable 
1       Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

\         {Bams)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
Y-RadiatioH 

Radioacttve 

Parent  or 

Daughter  of 

0053 

loapd 

17-Od 

»"Pd  in,y) 

»»»Rh  ip/t) 

1      096 
1  100 

4  8   :r  15 

1 

pi.w,Rh 

D»"Ag 

»"Rh  {d,2n) 

;  100 

! 

00530 

!  '"Re 

64  Oh 

»«'Ta  (a,3/i) 

»»W(/7^) 

»"W  (dOn) 

999877 
1     26-4 
264 

1 

0  0531 

>»>Au 

3  Oh 

»»'Ir  (a,4ii) 

385 

1 

pi.ipt 

>"Pt  (J,3«) 

078 

D'"Hg 

00532 

"♦Pb 
(RaB) 

26-8m 

D"«Po 

(RaA) 
P"*Bi(RaQ 

00532 

"HTc 

285d 

»*H>(ii.y) 

t 

60  ±0-7* 

5-3% 

P»*«Pr 
Descendant 
•"Xe 

00539 

"As 

76d 

'•Gc(a^) 

'•Sc(p,a) 

2055 
902 

P'*^c 

00539 

'»nHje 

053s 

D"As 

0054 

'»»Xc 

18-Oh 

"«XC  (/l,y) 

2-46 
0^)96 

pi»I 

d»»h:8 

0054 

»Hja 

50h 

»»Gc(/f.p) 

'*Gc(yJ») 

•••U(nJ) 

7  67 
3674 

1-0  X  10-*% 

0-054 

•"Pu 

498h 

»"PU(/I,y) 

t 

19  ±  1 

P«"Am 

00545 

»"Tm 

29h 

P»"Er 

0055 

>"Ru 

398d 

"•Ru  («,y) 
»"Ru(tAp) 
"*Ru(y^) 

•«U(/i,/) 

31  5 
31  5 
185 

1-44  ±0-16 
3-7% 

P»'«™Rh 

0055 

"^Ba 

11  5d 

'-Ba(/i,y) 

Old 

10  ±  1 

P»«C8 

-0055 

"•Fm 

21  ^h 

1 

D"»E 

00555 

»*»Os 

21  ^h 

»»»Rc(p.4n) 

37-07 

P(13h)»"Re 

0  0556(?) 

"'Pu 

4S-6d 

"»U  (a,2w) 

«"Np  (f/,2/i) 

0720: 

t 

00556 

"»Lu 

8-5d 

"•Tm  (a,2«) 
>"Yb(p^) 

100 
1431 

j 

piTimyb 
D»"Hf 

00561 

«»»u 

1-62  X  10*y 

"«U(n,y) 

t 

300  ^200* 

OOl 

D"»Pa 
P«»Th 

00565 

'•*™Au 

30-6S 

£)it»n,Hg 

00567 

"•Th 

2212m 

»«Th(«,y) 
»"Th  {d,p) 

loo: 
loo: 

7  33  ±  0  12 

P»»Pa 

00568 

"'Np 

2  20  X  lO^r 

» 

D»"U 
p«"Pa 

♦  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
(Met;) 

NucUdf. 

Half-Life 

Some  Modes 
of  Formation 

Per  Cewr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-0568 

"«Ac 
(MsThs) 

613h 

*"Ac  (//,y) 

+ 
+ 

520  ±  50 

D"«Ra 

(MsThi) 
P"Th 
(RdTh) 

0-0568 

"H3d 

3  6m 

i^'Gd  («,y) 

21-9 

0  8  ±  0-3 

pi«Tb 

0O57 

»"Xe 

36-41d 

i^'Xe  (//,y) 
"'I  {d,2n) 

0-090 
100 
100 

4-61 

Di"Cs 

0O571 

Mipa 

3-43  X  10«y 

"«Th  (d,3n) 

lOO: 

D"i'rh(UY) 

p227Ac 
£)231U 

0^571 

"Tm 

9-6d 

"*Ho  (a,2n) 

100 

22-94 

pisTinEr 

0O572 

"•Np 

2-346d 

""U  (a,p2/j) 

99-276: 
99-276: 

D"»U 

p23»PU 

D"»Am 

0O573 

"•Am 

12h 

»"Np  ia,2n) 

"•Pu  (^,2w) 
»»Pu  (a,p3n) 

' 

0-0573 

i.iTb 

6-88d 

••"Tb  (/I,y) 
"'Gd  (i/,/i) 
"*Dy(y,/;X?) 

21-9 
25-53 

525  ±  100* 

D*"Gd 

00574 

•••Cc 

33h 

'"Ce(«,y) 
"•U(/i,/) 

11-07 
1107 

0 95  ±  005 
5-4% 

D*"La 
pi43pr 

Descendant 
"»Xe 

00575 

•"Pa 

22h 

D"«U 
P"*Ac 
P"Th 
(RdTh) 

0O575 

>»»Gd 

180h 

"•Gd  (/I,y) 
"«Gd  (</,p) 
»wGd  (y,/l) 

24-9 
24-9 
21-9 

4  ±2 

0O576 

••«»Hf 

5-5h 

"•Hf(/l,y) 

13-75 

0O577 

•"Ho 

67m 

"•Tb  (o,/i) 
"«Dy(;7./j) 
»"Dy  (d,2n) 

100 

25-53 
25-53 

00578 

•••Pa 

27  Od 

"'Pa  (/i.y) 
"Th  (</,/!) 
••Th  («,/?2/;) 

t 

loo: 
loo: 

760  ±  100* 

D"Th 

p«»u 

D"'Np 

•  Pile  Neutrons 


f  Artificially  Active 
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:  Naturally  Active 


y-Energy 
(Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
y-Radiatiom       Daughter  of 


00579  "*U 


00580 
00580 
0058 


0058 

00585 
00585 

00589 

00590 
00590 

0059 

0059 

0059 

00596 

00596 


16»£)y 

>"Sb 


•In 


"'Th(UY) 
"Mr 

j»7in'pe 


"«Th 

"'Am 


74y 


142m 
134d 
88h 


43h 

25  64h 
43d 

10  47m 

Ud 
285d 

105d 

94h 

1-39  X  10'»y 
456d 
458y 


"Th  (a,4/i) 
»"Pa  (d^) 
»»>Pa  (a,p2n) 

'•4r  in,y) 
"•Tb  (d,2rt) 
"•U(»./) 


»'Ag(«.2«) 

'••Cd  (a,p) 

»*«Cd  (</,/!) 
"•Cd(p,y) 
»»mi  (/l.y) 

"'Pa  (</,2/i) 
«"Pa  (a,p3n) 
"•Th  (a,5/i) 
»*Co  (/l,y) 
»»Co  (</,/>) 
••Ni  (/i.p) 


"H:c(/I.y) 
•"U(/i./) 

»»«Te  (/i,y) 
"•Te  (</.p) 

"'I  («,/») 
«»»U(/i,/) 
"•Te  (/r,y) 
'"Te  {dj}) 

"Te  (/i,2«) 
"'I  (n,p) 


"»U  (a,2/l) 


loo: 


38-5 
100 


51-35 

1-22 
1  22 
122 

: 


loo: 

i  100 
100 
26  16 


1871 
18-71 

100 

18-71 
18-71 

31-79 
100 


0720: 

t 


260  ±  100 
0094% 


35  ±  10* 


16  ±3 


60  ±  0-7* 
5-3% 

90  ±20mb 


0033% 
0  8  ±  0  2 


021 


0O5 


D"«Pa 
D»«Pu 
P«"Th 

(RdTh) 


P'»Te(84%) 

(16%) 
D'"Sn 

Descendant 
'••Sn 


D«"U(AcU) 
P"'Pa 
P"Th 
P"Ta 


D»-Pt 

P»»«Os 

P"«Pr 

Descendant 
'"Xc 
P"Te 
D'*^Sb 

(16%) 


D»»'Sb 

(84%) 


P*"Ra 

(MsTh.) 


D"'Pu 


♦  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


Y-Energy 

(Afer) 

Nuclide 

Half-Life 

1 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Crost  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
AbundarKe  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

00596 

"'U 

6-75d 

"•U(«,y) 

t 
99-276J 

6  ±  1 

36 

P"'Np 

D24ipu 

0O599 

lo.po 

8-8d 

»«*Pb  (a,2n) 

1-40 

p206Bi 

D^oRn 
D*°«At 

0O599 

»»Ir 

15h 

0K)6(?) 

"*Am 

l-98h 

D*«Pu 

0O60 

"*Sb 

60m 

~- 

00600 

»»Eu 

l-7y 

»"Eu  (n,y) 
"»U  (/I,/) 

t 
22-53 

1500  ±  400* 
-003% 

D»»Sm 

0O601 

iwmHo 

5-Oh 

D"»Er 

0O601 

»*Tb 

5-6d 

0O603 

"»Bi 

12-3h 

pwpb 

p203mp^ 

£)208po 

D*"At 

0-0603 

i4«pr 

17-27m 

Di"Ce 

0^)605 

»«Re 

64-Oh 

"»Ta  (a,3n) 

99-9877 

26-4 

26-4 

0O605 

'"Tm 

29h 

P"*Er 

0^)607 

i22mSb 

3-5m 

">Sb(n,y) 

57-25 

0O608 

l»7£)y 

8-2h 

0O613 

•**Sin 

340d 

"«Sm  (/I,y) 

316 

<  2 

P"*Pm 

0^14 

"•Np 

2-346d 

"•U  {d,n) 
«»«U  (a,;>2/r) 

99 -276: 
99-276J 

£)2S9U 
p239pu 

D^'Am 

0-0614 

"*Hg 

95h 

»'Au  (jjM) 

100 

Di.imHg 

D"*T1 

0-0616 

««nrh 

(RdAc) 

1817d 

D"'Ac 

P»"Ra 

(AcX) 
D*"Pa 

0^2 

»*<E 

480d 

P"«Bk 

0O628 

»"Ac 

lOOd 

D»»Ra 
P"'Fr 
D"»Pa 
D"»Th 

•  File  Neutron* 


t  Artificially  Active 

16 


X  Naturally  Active 


^(ST 

Nuclide 

Half-Uf* 

Some  Modes 
of  Formation 

Per  CCTif 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

PerCemt 
Abumdasicttff 
Y-RadiatWH 

Radioacttv4 

Parent  or 

Daughter  of 

00628 

»*Th 

24-IOd 

"Th  (/l,y) 

t 

1400  ±  200*    1 

D"«U 

(UX,) 

pt>4mpa 

(UX.) 

P«»*Pa(UZ) 

(063%) 

0063 

♦•Cr 

41  9m 

*Ti  («.n) 
*H:t  (/i.2/r) 
*^r(y./i) 

799 
431 
431 

0  0631 

•••Yb 

31  8d 

«"Yb  (/I.y) 
"Tm  (d,2n) 

0  140 
100 

11000^3000* 

D'"Lu 

00635 

»"Pa 

3-43  X  10*y 

••Th  (J,3/i) 

loo: 

D»"Th(UY) 
P«»»Ac 

00635 

"•"Re 

187m 

'••Os  (y./»K?) 

161 

P'"Rc 

0-0638 

»»»Th(UY) 

25-64h 

^•^■h  (/r.y) 

♦ 

35  ±  10* 

D"*U(AcU) 
P"'Pa 

0-0640 

'•*Ag 

40d 

»«»Pd(p^) 
»"Pd  (</,2n) 
'••Rh  (a.2/i) 

22-2 
22-2 
100 

00642 

»»»Au 

3 -Oh 

»"lr  (a,4n) 
"*Pt  (</,3/i) 

38-5 
0-78 

D»*»Hg 

00648 

•»»u 

675d 

•••U  (/I.y) 
"•U  (/i.2ii) 

t 
99  276: 

6±  1 

2-3 

P*"Np 
D"'Pu 

0065 

lo.pd 

170d 

»"Pd  (/I.y) 

»"Rh  (;»^) 
"»Rh  (^.2n) 

0% 
100 
100 

4  8  ±  15 

pi.«nRh 

D'"Ag 

0-065 

"*Pb 
(AcB) 

36  1m 

D»"Po 

(AcA) 
P"'Bi(AcQ 

0065 

"'Er 

3-lh 

P»"Ho 

0065 

"»Pm 

27-5h 

D»»Nd 

00652 

i.Tjr 

13h 

"*Re  (a,2n) 
"•Os  (rf,3/i) 

37-07 
13-3 

00653 

"•"Sn 

'-250d 

"•Sn  (n,y) 

2401 

10  a:  6mb 

0-0654 

"»Dy 

lOh 

00657 

"«Re 

12-7h 

"»Ta  (a.3/i) 
"«W  {d,2n) 

99-9877 

26-4 

26-4 

D»»*Os 

00657 

'•^Re 

64  Oh 

»"Ta  (a,3/f) 
*"W  (p.«) 
"»W  (rf,2«) 

99-9877 

26-4 

264 

*  Pile  Neutrons 


•f  Artificially  Active 
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X  Naturally  Active 


y-Energy 

{Mev) 


Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent 

\  Abundance  of 

I      Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0-0657 

0O658 
0O66 

0O66 


0O66 
0O667 

0O667 
0-0667 

0O67 
00672 

00673 
00676 

0O677 


00677  »"Rc 


0-0677 


0O679 


0O68 


0  0681 


»*Ta 

'»Se 
"Se 


»»»Pin 

»"Lu 

"•Cs 

"•Ac 
"*Rc 


"Ta 


0O678  "'Np 


•Am 


»»mi(Io) 


'»«nrb 


1151d 

7-lh 
121d 

82m 


27-5h 
S9m 

680d 
8Sd 

18y 
12-9d 

lOh 
29h 

12-7h 


64  Oh 


llS-ld 


2-346d 


12h 


8^  X  10^ 


62h 


i"Ta  (/i,y) 
i"Ta  {d,p) 
"«W  (n,p) 

"As  idAti) 
'*Se  (/i,y) 
"As  {d,ln) 
»As(/7,/i) 
'«Ge  (/i,y) 
'*Ge  {d,p) 
"Ge  («,2w) 
»As  (/i,p) 

i"Ag(p,4/i) 

"Tm  (/i,y) 
»»Tm  (a,2/i) 
"^Yb(p,/i) 

"*Cs  (n,y) 
i»»La  (/i,a) 


>"Ta  (a,3/i) 
i"W  {p,ri) 
»"W  (i/,2/i) 
»"Ta  (a,3/j) 
»"W  (p,/i) 
»«W  (rf,2/i) 
'"Ta  (w,y) 
»'Ta  (f/,p) 
««W  (rt,p) 
"•U  {d,ri) 
«"U  (a,p2«) 

"^Np  («,2n) 
"•Pu  (p,/J) 
"•Pu  (</,2n) 
"•Pu  (a,p3/i) 


»»»Eu  («,2/i) 


99-9877 

20-55 
100 

0-87 
100 
100 

36-74 

36-74 

100 

51-35 

t 
100 
14-31 

t 
99  911 


99-9877 

26-4 

26-4 

99-9877 

26-4 

26-4 

99-9877 

99-9877 

26-4 

99-276t 

99-276t 


47-77 


19  ±7 


26  ±6 


0-21  ±008 


150  ±  20* 


13  ±4* 


19  ±7 


059 


D"^Nd 
P(27m) 

i°*Ag 
D"iEr 

pi7imY5 

D"^Hf 
D"*Sm 


D""»Pa 
P"«Th 
D"«Os 


D»"U 
P"»Pu 
D"»Am 


D»«U(U„) 
p2»«Ra 

D^Ta 
P>"Gd 


*  Pile  Neutroni 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 

iMev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent     | 

Abundance  of 

Relevant 

Statu 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radiottctive 
Cross  Section       Abundance  of        Parent  or 

{Bams)  or           y-Radiation        Daughter  of 
Fission  Yield 

j 

00685 

»"Th(UY) 

25  Wh 

*»mi,(/I,y) 

+ 

35  ±  10*                           D"*U(AcU) 

P"'Pa 

00685 

">U 

43d 

"'Pa  {d,2n) 
»'Pa  (a,/73/i) 
"Th  (a,5/i) 

♦ 

loo: 

P"Th 
P"'Pa 

00687 

"'Rn 

16h 

•••Bi  (a,2/i) 

100 

P«"At 
P"'Po 

00695 

"•Ir 

lid 

D'"Pt 
P'"'nOs 

00698 

»Hjd 

236d 

'•Hjd  in^y) 
'"Eu  (d,2n) 

0-20 

52  23 

<  25 

0070 

••Ge 

~150m 

P^'Ga 

0  070 

i»»Ba 

7-2y 

'"Ba  (/f,y) 

0O97 

7±2 

D'""Ba 

0070 

•'Cu 

3-32h 

"Ni  (d,n) 
•'Ni(p,/i) 
"NiOi.y) 
•»Cu  (y,2/i) 

2616 
1-25 
26  16 
69  1 

4 

D^'Zn 

0070 

»»»Pm 

27-5h 

D"'Nd 

0070 

»»»Sm 

47  Ih 

'"Sm(/i.y) 
'"Sm  (<i,A») 
'"Sm  (y,n) 
»"Nd  (a,n) 
"•Sm  (/i,2/i) 
"»U  (/I./) 

2663 
2663 
22-53 
5^ 
22-53 

140  ±40 
015% 

00716 

"K)s 

93-6d 

'"•Os  («,y) 

'•»Re(p,/i) 
'"Re  (J,2/i) 

0-018 
37-07 
37-07 

<  200 

00716 

'"Lu 

6-75d 

'"Lu  (/i.y) 
"•Lu  (d,p) 

260 
2-60 

4000  :  800 

D'"Yb 

00720 

'*'W 

24-Oh 

'"W  (n.y) 
'"W(rf./») 

28-4 
28-4 

34  ±7 

0072 

••Ti 

~10»y 

P«*Sc 

0072 

'"Pm 

i8y 

D'**Sm 

0072 

•'Co 

99^)m 

••«Co  (/I,y) 
••Co  (/I,y) 

•'Ni  (/!,/») 

•«Ni  (J),a) 

t 

t 
1-25 
1-16 

100  ±50 

6  ±2 

-100 

D^'Fe 

0  0721 

"»U 

20-8d 

"»Th  (a,6/i) 
"'Pa  {dM 
"'Pa  (a,/>4rt) 

loo: 

+ 

075 

D»"Pa 
D"«Pu 
P"Th 

00721 

"•Ac 

29h 

D*"Pa 
P"Th 

•PUe 

Neutrons 

t  Artificiallj 

'  Active 

*  Naturally  Aaivc 

1 

9 

y-Energy 
(Mev)        I      Nuclide  Half-Life 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


00730  "«Ho 


0073 


0O742 
0-0742 

0O746 

0O74« 

0O748 

0<r750 


'Ge 


0-074  "Sr 

0-074  '"Pt 


i.imos 

'"Am 
»"Pa 


■•I 


Tb 


•1r 


0O75(?)    i  "*"Xc 


0O753 
0O758 


i7imyb 


36-7m 


11  3h 


0O736  "'U  23  54m 

0-0737  '"Au  15-8h 

i  I 

0O740  »'Pa  3  43  X  10^ 


33h 
31m 

t4h 
13h 

7  95  X  10«y 

270d 

6-88d 

13h 

55s 

I         3-5m 
I  Short 


0^6  "Tm  63  6h 

0<y76l(?)  ,  "'Th(UY)!       25  64h 


00764(7)  (  "'Pu 
0O766  "*Lu 


45'6d 
16Sd 


i"Dy  {p,n) 
"»Ho  in,2n) 
^«Ho  (y,/i) 
'•Ge  {n,y) 
'*Geid,p) 
•"•Se  (/I,a) 

"«U  (d,p) 
^"Ir  {a,2n) 
"«Pt  id^) 
"*Pt  (d,3n) 
"*Th  id,3n) 


"•Ft  (n,Y) 
'*'Pt  (d,p) 
«"Hg  (/»,«) 

»"Re  (a,2rt) 
"•Os  (J,3«) 


"»Pa  (/i,y) 
"*Th  (^,/i) 
"»Th  ia,p2n) 
"Tb  (/J,y) 
'•»Gd  (^,/i) 
'"Dy(y,/7)(?) 
"•Re  (a,2«) 
"•Os  (^,3/i) 


"•Sb(n,y) 


"Th  (/i,y) 

"•U  («,2fl) 
"'Np  (d,2n) 
"•Lu  (/»» 


2818 
100 
100 
7-67 
7-67 
49-82 
99-276: 
99-276: 
38-5 
0-78 
32-9 
lOOJ 


719 

719 

29-80 

3707 
13-3 


t 

loo: 
loo: 

t 

21-9 

25-53 
3707 
13-3 


57-25 


0-720t 

t 
97-40 


80  ±  20mb 


2-74  ±  006 


3  9  ±  0-8 


760  ±  100* 


525  ±  100* 


35  ±  10* 


P"As 


P"»Np 
D"'""Hg 

pi«3pf 

D*"Th(UY) 
P"'Ac 

£)281U 

P«»Rb 

£)83Y 


P»"Os 


P"»Np 
D"»Pu 
D^"Th 

p2S3][J 

D"'Np 
Di"Gd 


D»»Cs 
(-0-1%) 

D  (8-5d) 

D»"Er 

D"«U(AcU) 
pi.ipa 


*  Pile  Neutrons 


t  Anificially  Active 
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:  Naturally  Active 


y-Energy 


Nuclide 


HaJf-Ltft 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Reletfont     i 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioacttve 

Abundance  of         Parent  or 
Y-Radiatiom       Daughter  of 


0-077 

00772 
00772 


0-0773 
00775 


00776 


0-0777 


0-078(?) 

0078 

00781 


0-0783 


00785 

"«Bi 

00787 

"«Lu 

00788 

"»Lu 

0-079 

i«iBa 

00799 

"*Tm 

00799 


—008 


Tt 


"»Tm 
»"Ho 


'"Hg 


•Pa 


•"Am 

«»»Ac 
(MsThO 


»Tb 


•*Ce 


•Pu 


18h 

4  4m 
3  43  X  IO«y 


29h 
2-5h 


6Sh 


22h 


l-98h 
3-6in 
613h 


688d 

11  6h 

6-70d 

l-4y 
11 -Sd 
85d 

285d 


"•Pt  (/».y) 
•••Pt  (d,p) 
"•Pt  (y^) 
"•Pt  (/I.2/I) 
•••Hg  (/l.a) 
"•Rh  (n.y) 
»*Ru  (pjt) 
"*Th  (J,3n) 


"•Tb  («.2h) 
>"Dy  (P./I) 
»*«Dy  iJ,n) 
»"Au  id,2n) 
»"Hg  (n.2ii) 


>«Hjd  (n,Y) 
•"Ac  (/I.y) 


»*m)(n.y) 
"•Gd  (d,n) 

"»Dy(y,/>X?) 
•»«Pb  id,2n) 
"Tl  («,3/i) 
"•Tm  (a,n) 
"*Yh  (j>,n) 

»-Ba(/i,y) 
»»Ho  (a,n) 
"»Er  ip,n) 
"Tm  (/i,2/i) 
"»Ce  (n,y) 
"*U  (n,/) 


10-85d  '''Pu  (n,y) 


25-2 

25-2 
7.19 
719 

23-13 
100 

18-5 

loo: 


100 

1888 
2294 
100 
10-02 


21-9 


t 
21-9 
25-53 
1-40 
29  50 
100 
21-82 
1613 
0-101 
100 
27-07 
100 

t 


t 


0  8  ±  0  1 


12  ±2 


0-8    ±03 
520  ±  50 


525  ±  100* 


10  ±  1 


60  ±  0  7* 
5-3% 

260  ±  150* 


P'»«Rh 

D**»Th(UY) 
P«*'Ac 

P»*»Er 
D'*»Er 


D'»»"Hg 
D(2-8h)"T1 

D*»»U 
P"*Ac 
P»««Th 

(RdTh) 
D*"Pu 
P"»Tb 
D**«Ra 

(MsTh.) 
P»»*Th 

(RdTh) 
D"^Gd 


P~«»Pb 

D»"Po 

D"»Hf 

D"»Hf 
P»»iCs 


pi«4pr 
Descendant 
"*Xe 
P*"Am 


*  Pile  Neutrons 


t  Artificially  Active 
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X  Natiirally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0080 

'•^Mo 

1461m 

"»Mo  in,y) 
i<"»Mo  (d,p) 

9-62 
9-62 

0-20  ±  005 

pioiTc 

0^0 

i«I 

8  08d 

"Te  (d,n) 

34-49 

2-8% 

2-2 

pisimxe 

(-1%) 

0080 

«»Fr 
(AcK) 

77m 

24 

D*"Ac 

P*2»Ra(AcX) 
P"»At 

0080 

»"Pr 

22m 

P"«Ce 

00802 

"*Bi 

11 -6h 

^»*Pb  id,2n) 
">m  (a,3/l) 

1-40 
29-50 

p204mpb 

£)S04po 

00802 

1  tun  J  J- 

ll-9ci 

0O803 

»-Ho 

27-3d 

"*Ho  (n,y) 

100 

60  ±  12 

E)i"Dy 

00803 

»"Ho 

>  30y 

00807 

loopd 

4-Od 

"»Rh  id,5n) 

100 

piOORh 

00807 

"Tm 

7-7h 

"*Ho  (a,3rt) 

"•Er  (jj,n) 

100 

33-41 

D"«Yb 

00808 

>«Ho 

67m 

"•Tb  (a,/l) 
"*Dy(/7,/i) 
»«Dy  (f/,2«) 

100 

25-53 
25-53 

0081 

"Sc 

121d 

'*Se  («,y) 
"As  (dan) 

0-87 
100 
100 

26  ±6 

0O81 

»"Xe 

5-270d 

"»Xe  (/I,y) 
»"Xe  id,p) 
"♦Xe  (/i,2/i) 
»»«Te  (a,/i) 
"K:s(n,p) 
"»U  (/I,/) 

26-89 
26-89 
10-44 
34-49 
100 

0-2  ±  01 

6-29% 

£)1S»I 

0O81 

"«Ba 

7-2y 

'"Ba  (/;,y) 

0097 

7  ±2 

Dissmga 

0081 2 

"«Th(UY) 

25-64h 

»"Th  (n,y) 

+ 
+ 

35  ±  10* 

D"sU(AcU) 
p28ipa 

(H)6I3 

«"U 

4-3d 

">Pa  (rf,2H) 
"'Pa  (a,p3n) 

"TTl  (a,5/l) 

+ 
+ 

100  J 

P"'Th 
P"ipa 

0O818 

ifimyg 

I54d 

"•Sn  (a,«) 
">Sb  (d,2n) 
"•Sb(/7,/i) 

2401 

57-25 
57-25 

P'"Te 

0O820 

"•Th(UY) 

25  64h 

"Th  («,y) 

35  ±  10* 

D^»U(AcU) 
P"iPa 

'-O-082 

•"Fm 

21  5h 

1 

D»»E 

*  Pile  Ncuirofik 


t  Artificially  Active 
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I  Naturally  Active 


y-Energy 
(Mev) 


Nuclide  Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
Y-Radiation        Daughter  of 


0  0821 

00825 
0-0829 

00829 

00829 

0083 


00830 
00833 

00836 
00840 


00840 

0084 

00842 

00842 


00842 
00843 

00844 


00847 


'•'Pt 
»"Po 

>"Re 


«"Pb 
(AcB) 

"'Dy 
»»Gd 

'•♦Cd 
"Kr 


43d 

3  00d 
88d 

71d 

50d 

36  Im 


8  2h 
236d 

59m 
345h 


"»Pu         j        498h 
«*'Bk  •-'lO^y 

•"Th(UY)'      25-64h 


'U 


ITOLu 


•*Th 
(RdTh) 


«Re 


43d 


l-7d 
129d 


l-910y 


12-7h 


»»iPa  (d,2ii) 
"»Pa  (a,p3/f) 
"»Th  (a,5n) 
>"Ir  (d,2n) 
»*Pt  (n,2n) 
••*Pb  («.2«) 


'•'Ta  («.2/i) 
"•W  (p./i) 

"Ta  (ii.y) 


"Kid  (n.y) 

"•Eu  {d,2n) 

"^Ag(p,4n) 

"Kr  (/f.y) 

"Se  (a,/l) 

"Br  W,2n) 

'•Br(p,/i) 

"Kr  (d,p) 

"«Pu  (/i.y) 

"Th  (/I,y) 

«"Pa  W,2n) 
»Ta  (a,^3/i) 
»»»Th  («,5/i) 
"•Tm  (a,3H) 
"•Tm  (/i,y) 
"•Tm  (</,;>) 


"»Ta  (a,3/i) 
'^-W  (J,2n) 


loot 

38-5 
0-78 
140 


999877 
144 
264 
t 
144 
306 


020 
52-23 
51-35 

0-354 

9-02 
5052 
5052 

0354 
t 


loo: 

100 
100 
100 


99-9877 

264 

264 


17000  ±2000^ 


<25 
2-0  ±0-5 

19  ±  1 
35  ±  10» 


21 
40 
11 


130  X  30 


1-6 


P"'Th 
P*«»Pa 

D"»Au 

P^^Bi 
D»"Rn 
D"*At 
D'"Os 


D"»Po 

(AcA) 
P«"Bi(AcC) 


P(27m)"*At 


P«"Am 

D"»U(AcU) 
piiipa 

P»»Th 
p..ipa 


D"'Ac 

(MsThO 
P"*Ra(ThX) 
D»»U 
D*"Pa 
D"*Os 


♦  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


23 


■/-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

i 

Thermal  Neutron 

Activation         '      Per  Cent 
Cross  Section      '  Abundance  oj 
j         {Barns)  or            y-Radiation 
1       Fission  Yield 

>i 

Radioactive 

Parent  or 

Daughter  of 

00847 

I  "-^Re 

64  Oh 

"^Ta  (a,3/») 

"*w  o,/i) 

99-9877 

26-4 

26-4 

0O847 

"»Re 

7Id 

"^Ta  (a,2«) 
"»W(p,«) 

99-9877 

14-4 

26-4 

D»»»Os 

0-0847 

"Ta 

115-ld 

"»Ta(/i,y) 

"*W(/J,/7) 

99-9877 
99-9877 
26-4 

19  ±7 

0-0847 

^•Ta 

50d 

"*Ta  (/i,y) 
^"W  (/i,p) 

t 
14-4 
306 

17000  ±2000* 

v_      / 

0-085 

»»Nd 

15m 

P»"Pm 

0^85 

*"Np 

60m 

»»Np  (/l,y) 

t 

25  ±  15* 

0O85 

"™Rb 

31 -Sm 

P"Rb 

0^86 

"As 

38-7h 

'•Ge  (^,/i) 

7-67 

91  X  10-»% 

013 

D"Ge 
D"'"Ge 

0O86 

"Br 

57h 

'•Se  (^,/7) 
"As  (a,2n) 
'*Se  (a,p) 

902 
100 

0-87 

p77mse 

0-086 

••Rh 

15H)d 

0O86 

»»Pa 

27-Od 

"*Pa  (/l,y) 
"*Th  id,n) 
"*Th  (a,p2«) 

t 
lOOJ 

loo: 

760  ±  100* 

D"»Th 

passu 

D*"Np 

0-086 

»»*Np 

410d 

»»U  (rf,2/i) 
"»U  (cc,pn) 

0-720   t 

t 

0O864 

iMtnHo 

5  Oh 

D^'Er 

0-0865 

"•Eu 

l-7y 

"«Eu  (/?,y) 
"*Sm  id,n) 

t 
22-53 

1500  ±  400* 
-0-03% 

Di"Sm 

0-0867 

..•Xb 

5-6d 

0O867 

^•ni) 

72-3d 

"Tb  (/;,y) 
"»Gd  (d,2n) 

100 
21-9 

>722 

« 

0O869 

"'Np 

2-20  X  10«y 

14 

pssnpa 

0H)869 

"HTi 

2212m 

»nrh  (/i,y) 
"«Th  (J,p) 

loo: 
loo: 

7-33  ±0  12 

2-7 

P"3Pa 

M)087 

IlUBAg 

74s 

D"ipd 

0O873<7) 

"•Ac 

lOOd 

D"»Ra 
P"»Fr 
D"»Pa 
D"»Th 

*  Pile  Neutrons 


t  Aniiicially  Active 
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X  Naturally  Active 


Y-Energy 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

P*r  Cent 

Abundance  of 
'      Relevant 
1        Statu 
Isotope 

Thermal  Neutron 

Activation             Per  Cent          Radioactive 
Cross  Section        Atundanceof         Parent  or 
1         {Bams)  or           y-Radiation       Daughter  of 
Fission  Yield 

0-0875 

10.QI 

470d 

'••Cd  (/I,y) 

088 

1    piMm^g 

'••Pd  (a^) 

27-3 

'••Ag  {d,2n) 

i    48  65 

'•'Ag  (a,r,p) 

51-35 

0-0875 

"••"Ag 

392s 

•-Ag  (y.y) 

48  65 

D'»«Pd 
D'»»Cd 

00875 

"Tb 

62h 

"»Eu  (a.2n) 

4777 

P"Hjd 

0088 

""iNb 

59  X  10-«s 

00883 

"•Ta 

8 -Oh 

"»Lu  (a,3/f) 

97  40 

D"^W 

0-0884 

i6«m'pb 

55h 

"•EU  (a,/t) 

»»Hjd(p^) 

52-23 
2047 

0-0885 

iirmje 

105d 

»«n-c(/i.y) 

1871 

1871 

100 

90  ±20mb 
0033% 

P»«Tc 

D'"Sb(16%) 

0-0887 

uanrpg 

104d 

»"Tc  (n.y) 
»»»Sb  (</.2ii) 

246 

42-75 

11  ±05 

0-0888 

"Ta 

2-lh 

"•Lu  (a,/l) 
"•HfO»./») 

97  40 

271 

P»'«Hf 

0-0888 

i7«nHf 

4-8s 

D(21h) 

»"Ti 

0-0889 

i7«niLu 

3-71h 

"•Lu  (n.y) 

97  40 
97  40 

35  ±  15 

00890 

"•Eu 

15-4d 

'»*Eu  (n.y) 
"'U(«,/) 

t 

14000  ±4000* 
0013% 

D»-Sm 

0-089 

"•Lu 

2-4  X  10>«y 

0-089 

"•Sb 

5-8d 

^»^n  (rf,2/») 
»"Sb  (i/,p2n) 

32-97 
57-25 

0089 

"Cr 

41 -9m 

**Ti  («./?) 

*«Cr(/i.2/i) 

'K:r(y^) 

7-99 
4-31 
4-31 

0  0891 

'^Tb 

5-6d 

00894 

»"Hf 

70d 

"*Hf  (n.y) 
"»Lu  (d,2n) 

0-163 
97  40 
97-40 

00898 

»"Th(UY) 

25  64h 

"Th  {n,Y) 

35  ±  10* 

D«»»U(AcU) 
pwipa 

0090 

••Ge 

404h 

•Hja  (t/,2«) 
••Ga(p,/i) 
••Zn  (a,/l) 

60-2 
602 

27-81 

• 

D«»As 

0090 

»*Sb 

60in 

0090        ; 

»"Ho 

28m 

^•n'b  (a,3n) 

100 

00904 

i"Dy 

lOh 

■ 

*  Pile  Neutrons 


t  AitificiaJly  Active 

2S 


X  Naturally  Active 


y-Erurgy      \ 
{Mev)  Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent     I   Thermal  Neutron 
Abundance  of !         Activation 


Relevant 
Stable 
Isotope 


Cross  Section 

{Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 
Daughter  of 


00905 
00906 
0-0908 


0-0913 


0O922 
0W30 
0O930 

0O93 


0O93 
0O932 

0O932 


*»»At 


00909       I  "*Bi 

I 

0O911  j  »"Au 
0  09122  j  "Ga 
0  0913       1  ^"Ho 


•TS[d 


0092  "'Cs 

0O92  '»'Ba 

0092  ''Cu 


"•Bi 

MOfnJg 


"Ta 


"Hf 


13h 

6-70d 
5-5h 

11 -611 

3-Oh 

77-9h 

36-7m 

ll-06d 


0-0914        '«ThrUXi)'      24  10d 


30-7h 
11 -5d 
58-5h 


11  6h 

44-3S 

6-7h 

815h 


9-7h 
2-lh 

4-8s 


"*Re  (a,2«) 
"H3s  (J,3«) 
"»Tm  (a,/i) 
"*Yb  O?,/!) 
"»Bi  (a,4«) 


^"^Pb  (^,2n) 
""Tl  (a,3«) 
"4r  (a,4w) 
"*Pt  {d,lri) 
•«Zn  (c/,/i) 
«'Zn(p,/i) 
»*Dy(;;,/i) 
"*Ho  (n,2«) 
"»Ho  (y,/l) 
i"Nd  (rt,y) 
^"Nd  (£/,/?) 
"^U  («,/) 
*"Th  {jt,y) 


"'I  (a,2/l) 
"«Ba  (/z,y) 
••Cu  (w,y) 
•'Zn  (/;,p) 
"Zn  (y,p) 
»"Pb  (</,2/i) 
"m  (a,3«) 
"'Ag  (/i,/j) 
"'Ag  (y,y) 
"•Ag  (/J,y) 
»"Ag  (t/,2H) 
>»'Ag(/>,n) 
»"Ta  (/j,2/i) 
••'Ta  (y,w) 
'"W  (y,/7rt) 

"»Lu  (a,n) 

'"Hf(/7,/l) 


3707 
13-3 

100 
21-82 

100 


1-40 
29-50 
38-5 

0-78 
27-81 

411 

28-18 

100 

100 

1718 

1718 


t 


100 
0101 

t 

4-11 
18-56 

1-40 
29-50 
51-35 
51-35 

1-22 
51-35 
51-35 
99-9877 
99-9877 
26-4 

97-40 
27-1 


1-8  ±0-6 

2-6% 
1400  ±  200* 


10  ±  1 
130  ±  40* 


10  ±0-5 


D"»Hf 

p209po 
p206Bi 

p204mpK 

D204po 
pl9ipt 

D^'^Hg 
D^Ge 


puTpm 


p234mpQ 

(UX,) 
P"*Pa(UZ) 
(0-63%) 
D^^'Ba 
P"iCs 


p204inp(j 

D204po 

D'"Cd 

piormAg 


P"Br 

piTHmur 

D(2-lh) 

"•Ta 


♦  Pile  Neutrons 


t  Artificially  Active 
26 


X  Naturally  Active 


y-Energy 

(MevJ 


Nuclide 


Half-Ufe 


Per  Cenr  Thermal  Seuiron  I 

Abundance  of  Activation  Per  CmU           Radioactive 

Somt  Modes            Relevant  Cross  Section  Alnaidameteff       Parent  or 

of  Formation              Stable  {Bams)  or  j  Y-R^diotiot  \     Daughter  of 

1       Isotope  Fission  Yield  ' 


009326 

00933 
00936 

00948 
00950 


M)095 


0095 
00952 


0  0960(?)     "^Pu 
0096         I  """Se 


0096 

0096 
0096 
0096 

00965 

00965 

00966 


0-0967 


0097 


0097 


"Ga 

»"Yb 
»"Dy 


'La 


»»U(AcU) 


»"Xe 

'"Xe 
"»Pu 
"•Cf 

i.xpt 


•Pa 


>Pa 


»Se 


•Nd 


77  ^h 

55h 
31-8d 

139-2m 
285d 


195h 

71  X  10^ 
lid 

456d 

391m 

18  Oh 

40m 

4-98h 
35-7h 

91d 

3  00d 

22h 


3-43  X  10«y 


121d 


2-Oh 


••Zn  (d,n) 
"Zn  {p,n) 
"•Hf  (n,y) 
>"Yb  (/i,y) 
>*»Tm  {d,2n) 
'"Dy  («,y) 
"•Cc(/f.y) 
"•U  (n./) 

"KTs  (a,2/») 
»«*Ba  {d,n) 
»"BaO>^) 
•"U  («,y) 


'"Ir  (</,2if) 
"•Ft  (ii,2«) 


•«Th  (</,3/i) 


"Sc(/i,y) 
"As  (J,2w) 

"•Nd  {n,y) 
"•Nd  (rf,/>) 
^••Nd  nOn) 


27-81 
4  11 
13-75 
0140 
100 
28  18 
t 


100 
2-42 
659 
00056* 


•••U  {a,2n) 

0720: 

"'Np  (</,2n) 

t 

••Se  (/i.2n) 

49-82 

"Br(/i,p) 

5052 

'«Tc  («^) 

2  46 

>"Xe  (/l.y) 

00% 

»"I(/»,7/i) 

100 

»"Pu  (/l.y) 

t 

"•Cm  (a,/|) 

t 

»«*Cm  (a,2H) 

t 

•»Mo  W,2«) 

945 

38-5 
078 


loo: 


087 
100 
100 

5-72 
5-72 
560 


11000±3000* 

2100  ±300* 
60  ±  0-7* 

5-3  •/. 


90  ±30 


19  ±  1 


1-2  X  IO-» 


26  *  6 


3  7  ±  1-2 


D«'Gc 


D"»Lu 


P"«Pr 
Descendant 
"•Xc 

D'»h:c 


P»»'Th(UY) 
D"»Pt 

piMinQs 


D'-As 

piU| 

D"»Cs 
piiil 

P»"Am 
P»*H:m 
D»"E 

(004%) 
D"»Au 

P*»*Ac 

P»»Th 

(RdTh) 
D»»^Th(UY) 
P»*'Ac 
D»»»U 


P"»Pm 


*  Pile  Neutrons 
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X  Naturally  Active 


y-Energy 

Nuclide. 

i 
Half-Ufe 

Some  Modes 
of  Formation 

Per  Cewf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

00973 

i"Re 

50d 

"iTa  (a,/l) 
"»W  {a,pn) 

i«*W  {p,n) 
"•W  (f/,n) 
"*Re  (/i,2/j) 

99-9877 

26-4 

306 

14-4 
37-07 

Weak 

0O973 

"*Ir 

15h 

0O973 

"»Gd 

236d 

"«Gd  («,y) 
"•Eu  {d,ln) 

0-20 

52-23 

<25 

00978 

""Ac 
(MsTh.) 

6-13h 

'-"Ac  in,Y) 

+ 

520  ±  50 

D'^Ra 

(MsThj) 
P"»Th 

(RdTh) 

0K)98 

*'*Fm 

3 -2411 

0028 

D (37h)"*E 

0-0985 

i»*Au 

180d 

"»Ir  (a,2n) 
"«Pt  (</,«) 
"»Pt  (</,2/j) 

61-5 
32-9 
33-8 

pitftmp^^  7) 
£)i.&mHg 

0-0989 

•♦•Am 

51h 

•••Pu  (a./72n) 

t 

t 

t 

0-099 

««Pu 

86-4y 

'""U  (d,2n) 
""V  (aAn) 
•'''V  (a  n) 

99-276t 

99-276: 

0-720: 

8  X  10-» 

D"»Np 
D«"Cm 

0-099(?) 

»"Pu 

10-85d 

^'♦^Pu  (n,y) 

t 

260  i:  150* 

P"«Am 

0O991 

i.cpb 

17m 

pissmyj 

o<m\ 

i«&mpf 

3-5d 

"•Pt(y,n) 

25-2 

D"»Au(?) 

o<m\ 

"•Re 

71d 

»"Ta  (a,2«) 
'"W(p./i) 

99-9877 

14-4 

26-4 

D"»Os 

0O991 

iMorj^ 

3 -5s 

D"»Pb 

0-0991 

"Ta 

50d 

"*Ta  (/i,y) 
>"W(/i,p) 
"*W(y,;;) 

t 
14.4 
30-6 

17000  ±2000* 

0-0992 

»"i>a 

(UXJ 

6-66h 

•••Pa  in,Y) 

t 

25  ±4 

P"*U(U„) 

D"«Pa(UX,) 

D*»«Th(UX,) 

(0-63%) 

0O993 

••'Th(UY) 

25-64h 

••mi(/i,y) 

35  ±  10* 

2 

D»»U(AcU) 

psaipa 

0-0994 

•••Ac 

lOOd 

D««»Ru 
pi.ipr 
D««»Pa 
D««»Th 

*  Pile  Neutron* 


t  Artificially  Active 
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:  Naturally  Active 


y-Energy 

(Mev) 


Nuclide 


Half-Uf€ 


Per  Cent  Thermal  Neutron  \ 

Abundance  of  Activation  Ptr  Ctmt     |     Radtotclivt 

Some  Modes            Relevant  Cross  Section  Abimdamet«f\       Pmnmt  «r 

of  Formation              Stable  {Bams)  or  y-ZtodiuUMNt  |     Daughter  of 

Isotope  Fission  Yield  ' 


00998 


00999 


01000 

0100 
0100 


01001 

01001 

01001 

01002 
0  1004 


0  1007 


0  1008 
01009 
0101 

01012 
01012 


»Au 


"Tm 


'Po 


"Pm 
"Sm 


'"Re 
'"Re 

•"Th 
(RdAc) 


'Pa 


"»lr 

"»Lu 

"Sr 

»*Tb 


lS-8h 


8Sd 


5-7h 


27 -Sh 
47- Ih 


115  Id 


12  7h 


64 -Oh 


11  6h 


1817d 


3-43  X  10«y 


15h 
14y 
33h 

5-6d 
10  Oh 


"'Ir  (a,2/») 
>»»Pt  (d/t) 
^•*Pt  W.3/1) 
"»Ho  (a,/l) 
•••Er  (p./i) 
"•Tm  (/i,2/i) 

»"Pb  (a,3/l) 


»»Sm  (/i.y) 
"»Sm  {d,p) 
»»*Sm  (y,/») 
•••Nd  («,if) 
»»*Sm  (ii,2if) 
•"U  (nj) 
>"Ta  (/I.y) 
'••Ta  {d,p) 
••«W  (n,p) 
»"Ta  (a,3/i) 
»"W  {p^) 
'"W  {d,2n) 
'"Ta  (a,3«) 
'"W  (p^) 
'"W  (r/.2/i) 
•^Pb  (</,2/f) 
"•n  (a.3/») 


»Th  (</,3/i) 


"«Yb(p,/i) 


»"Au  <j>M) 


385 
0-78 

32-9 
100 

2707 
100 

25  1 


2663 
2663 
22-53 
560 
2253 

999877 

99  9877 

264 

99  9877 

264 

264 

99-9877 

264 

264 

1.40 
29  50 


loo: 


1613 


100 


140       40 


19   .  7 


D'"Hg 
P>"Pt 


D»"Rn 
D»"At 

D>"Nd 


D»»H5» 


pMtmpi, 

D*^Po 
D»"Ac 

P*"Ra 

(AcX) 
D*"Pa 
D»«'U 
D«"Th 

(UY) 
P"'Ac 
D»"U 

D>"Hf 

P*»Rb 

D"Y 

P«"Hg 

P^'^Au 


•  Pile  Neutrons 


t  Artificially  Active 
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*  Naturally  Active 


^i^ 

Nurlide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

01017 

"•^p 

210d 

"TSIp  in,y) 
"T^p  (d,p) 
"»U  (d,2n) 
"«U  ia,p3n) 

t 

t 
99-276: 
99-2761 

169  ±6 

P"«Pu 
D*"Am 

0-1019 

"Ta 

50d 

"Ta  (n,y) 
"»W  (/;,/7) 

t 
14-4 
30-6 

17000  ±2000* 

01019 

"H:m 

162-5d 

*"Am(rf,n) 

t 
t 

D*«Am 
D*"Cf 

p238pu 

0  1020 

"^Gd 

3 -6m 

""Gd  (n,y) 

21-9 

0-8  ±  0-3 

pieijb 

0  102 

i»«nTa 

8-15h 

"'Ta  (/z,2n) 
"Ta  (y,n) 
"*W  (y,/7/i) 

99-9877 
99-9877 
26-4 

01021 

»*Tb 

62h 

"'Eu  (a,2n) 

47-77 

piSSQd 

0  1025 

"Ta 

5-Od 

"Ta(//,y) 
"»W  («,p) 
"*W(y,/,) 

t 
14-4 
30-6 

17000  ±2000* 

0  1026 

*"Pa 

3-43  X  10*y 

"*Th  (d,3n) 

loo: 

D"iTh(UY) 
P"^Ac 

D2S1U 

0  103 

•unse 

568m 

»«Se  (/i,y) 
"Br  (/!,/») 

49-82 
49-82 
49-48 

30  ±  lOmb 
0-008% 

P"Se 

0  103 

"'Am 

458y 

D«"Pu 

0  1031 

»"Ta 

SOd 

"»Ta  (n,y) 

"•W(/I,/7) 

"*W(y.p) 

t 
14-4 
30-6 

17000  ±  2000* 

0  1031 

"Hjd 

236d 

"Hjd  («,y) 
»»Eu  id,2n) 

020 

52-23 

<25 

0  1032 

»"Ho 

25h 

»»Tb  («,2w) 
">Dy  (p,n) 
"•Dy(J,/i) 

100 
18-88 
2-294 

D"'Er 

0104 

"»Pa 

270d 

"•Pa(/i,y) 
"•Th  (</,/!) 
•»«Th  (o,;>2w) 

t 

loo: 

100  J 

760  ±  100* 

D««»Th 

P«"U 

D»»T^p 

01044 

'"Ir 

]5h 

01045 

••"Nb 

64d 

51-46 
912 

0105 

laamy^ 

55s 

*  Pile  Neutron* 


t  Anificially  Active 
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X  Naturally  Active 


Y-Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron  ' 

Activation              Per  Cent 
Cross  Section       Abundance  of 
1         {Bams)  or         \  y-Rcubation 
Fission  Yield 

Radioactive 

Parent  or 

Daughter  of 

0105 

»»Sm 

23  5m 

1  »»*Sm(/i,y) 

22-53 

55  ±  1  1       i                      P"»Eu 

"*Sm  {d,p) 

22-53 

"*U(/i,/) 

0-031% 

0  105 

issmDp 

18 -7m 

"•Os(y./»X?) 

161 

P>"Re 

0-1053 

"»Eu 

l-7y 

"♦Eu  (/I,y) 

"*Sm  (f/,/f) 
»*U(/i./) 

t 
2253 

1500  ±400* 
-003%          1 

D'»»Sm 

0  1054 

»»Tb 

5  6d 

0  106 

»»Xe 

18  Oh 

"»Te(a^) 
»"Xc  (/l,y) 

246 
0O96 

01061 

"•Np 

2346d 

"•U  (</^) 
"•U  (a.p2n) 

99-276: 
99  276: 

P"»Pu 
D"*Am 

0-1062 

uiXb 

688d 

»*^b  («,y) 
»«Hjd  (f/.n) 

t 
2i^ 

525  ±  \QO* 

D'"Gd 

"•Dy(y./>) 

2553 

0  1063 

iJtmyg 

335d 

»«Te  (/f.y) 

31-79 

15  ±  5mb 

p»«Tc 

»»Tc  {d,p) 

31  79 

*»^e  (/i,2/i) 

34  49 

•"U(/i./) 

019% 

0  1064 

«»»Np 

2346d 

"•U  {d,n) 
"•U  («./>2/f) 

99276: 
99-276: 

D"»U 
P»»Pu 
D»*»Am 

0107 

"•Gd 

9-3d 

'"Sm  (a.2rt) 

1507 

47-77 

01071 

»"Re 

64  Oh 

"Ta  (a^n) 
"•W  {d,2n) 

99  9877 

264 

264 

0-1072 

*<>«Bi 

6-4d 

"*T1  (a,3/l) 

"•Pb  {d,2n) 
»"Pb  (</,3/i) 

7050 

25-1 

21-7 

D»^Po 
D»"At 

0-1074 

i.omHo 

5 -Oh 

D»««Er 

0-1076 

"Kr 

1  Ih 

^*Se(a^) 

0-87 

0  1079 

"•Ta 

5-Od 

"*Ta(/»,y) 
»"W(y.p) 

t 
14-4 
306 

17000±2000* 

0  1079 

"»Re 

71d 

"^Ta  (a,2«) 
"»W(/7./i) 
"*W  (J,/i) 

99-9877 

14-4 

26-4 

D'wOs 

0  108 

"™Br 

6-4m 

"Se  (J,/i) 
"Se(/»./i) 
"As  (a.n) 

7-58 
23-52 
100 

"Br  (/i,2n) 

5052 

*  Pile  Neutrons 
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:  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0108 

"wnSb 

3-5m 

i"Sn  (p,n) 

95-77 
2401 

P"«Sb(?) 
D"«Te 

0108 

Ksmj^ 

1 -25111 

^"Dy  (n,y) 

28-18 

510  ±  20 

01082 

*"U 

4-3d 

"^Pa  id,2n) 
"^Pa  ia,p3n) 
"»Th  (a,5n) 

+ 
+ 

+ 
100  J 

P^^Th 
pasipa 

01083 

»"Tb 

19h 

0  1086 

i«Re 

64-Oh 

"^Ta  (a,3n) 
"*W  (p,n) 
"»W  id,2n) 

99-9877 

26-4 

26-4 

0109 

»*Np 

440d 

"*U  (^,3«) 
"*U  (a,p4n) 
»«U  (/?,2n) 
"»U  (</,n) 

"»U  (a,/72/j) 

0-720: 
0-720: 
0-720: 

t 

t 

D"*Pu 

0  1091 

•'Ru 

2-88d 

••Ru  (/I,y) 

••Ru  (d,p) 

••Ru  (//,2/j) 
••Ru  (y,/i) 
•*Mo  ia,n) 

5-57 

5-57 

1-91 
1-91 
912 

0-21  ±  002 

ptimrYQ 

(004%) 
P'Tc 

(99-96%) 
D»'Rh 

01091 

»*Pa 

l-31ci 

"^Pa  (/7,y) 
"»Pa  (d,p) 
"*Th  (^,2/i) 
"»Th  (a,p3n) 

+ 
+ 

+ 

loo: 
loo: 

200  ±  15 

P"«U 

0  1095 

'••Pb 

21 -511 

P200T1 
£)2003j 

D"«Po 

0  1097 

^-n-a 

5  0d 

"»Ta  in,y) 
"•W  («,p) 
"*W(y.p) 

t 

14-4 
30-6 

17000  ±  2000* 

0  1097 

'"Re 

71d 

»«>Ta  (a,2w) 
»»»W  (p,w) 
»»W  (d,n) 

99-9877 

14-4 

26-4 

D"»Os 

01098 

'-Yb 

3l-8d 

"•Yb  (/l,y) 
"•Tm  (^,2/1) 

0  140 
100 

11000  ±3000* 

' 

D"^Lu 

0  1098 

'"Yb 

62h 

»»Eu  (a.2/i) 

47-77 

P«"Gd 

0-11 

"Thilo) 

8  0  X  10«y 

, 

-1  xlO-* 

D«»*U(U„) 

P»««Ra 

D"»Pa 

0-11 

•••Re 

2-4m 

0  110 

1 

«»*Ta 

8-7h 

"*W  (/!,/>) 

306 

0  110 

"•U(AcU) 

7  1    X   lO^r 

"*U  (n,y) 

00056J 

90  ±30 

5 

P«»'Th(UY) 
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:  Naturally  Active 


y-Eturgy 

{Mev) 


Ntielide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Seutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


Per  Cetu 
Abundance  of 
y-Radtation 


RaJioaetive 

Parent  or 
Daughter  of 


0  110 

Olio 
Olio 


0  no 
Olio 
Olio 

0111 
01112 


01114 


01115 

01116 
01119 
0112 

0112 


0112 
0112 


0112 

01124 

0  1128 
0113 


•Pu 


»»Sb 


»"Nd 

itim'J'g 

I  "Re 


•Re 


»"Er 
'*»Nd 


'••Yb 
'"Cs 


"•Th 
"•Au 

"«Lu 

*"Am 


2-85y 


55s 


2-Oy 


13  9m 
15m 
58d 
11  Os 
50d 


64  Oh 


3  Oh 

7-8h 

5  6d 

294s 

20h 


54h 
45m 


30  9m 

15-8h 

670d 
458y 


"»U  (a,3/l) 
"•U  W.2/I) 
•••U  (a,4/l) 
«"Np  (i/,2«) 


"•Sn  (d^) 

»«n'e  (h,y) 

»"Ta  (a./i) 
»»«W  iajw) 

»»W  id,n) 
'••Re  (n,2n) 
"Ta  (a,3/i) 
>"W  (p,n) 
'"W  (J,2/i) 
>»'Ir  (a,4rt) 
>"Pt  (</.3/») 
"•Er  (/i,y) 

"O  (/I,y) 

"F(n,p) 

"•Nd  (n.y) 

"•Nd  (J,p) 

"•Nd  (/i,2/i) 

"M  (a,6/f) 


'"Ir  (a,2n) 
"»Pt  id,n) 
"*Pt  (£/,3/i) 
»"Tm  (a,/i) 
"»Yb(p^) 


38-5 
0-78 
32-9 
100 
21-82 


0720:    I 
99276: 
99276: 


5  98 


461 

99  9877 
264 
306 
144 
37-07 
99  9877 
264 
264 
38-5 
078 
14-88 

0204 
100 

5-72 
5-72 
5  60 

100 


0O12 


0<>23% 


5  ±3 


9  ±2 


0  21  ±0-04mb 


3-7  ±  12 


14 


4-8 


P»»*U 

D"«Cm 

D"*Np 

d»h:s 

(-0  1%) 
D  (9  4d) 

'»Sn 

pitUBJc 

pi4.pr 

P»'Pm 

D'"Sb 


puipt 

D'"Hg 
P>"Tin 


P'"Pm 


P»Tm 

piinnxe 

(0  1%) 
P"»Xc 

P»"Ra 
D»"Ac 
D"»Hg 

pit.pt 
D"'Hf 

D*"Pu 


•  Pile  Neutrons 


+  Artificially  Active 
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:  Naturally  Active 


y-Energy 
{Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation        I     Per  Cent 
Cross  Section       Abundance  of 

(Barns)  or         \  y-Radiation 
Fission  Yield 


Radioactive 

Parent  or 

Daitghter  of 


0113  "*Sb 


0113 


0  1130 
01131 
01133 


01138 

01138 

0  1139 

0  1139 

0  114 
0  114 

0  1140 


01143 
01144 


»"Ta 


2-Oy 


53h 


0  1130  "»Ac  613h 

(MsThO 


isqr 


Si 


(RdAc) 


01137  »»Ta 

I 

0  1137       I  >"Tm 
0  1137  »«Re 


"»Hf 

"•Yb 
»"Rn 

••Gc 

"•Nd 

i»»Au 


6-75d 
13h 
1817d 

1151d 


29h 

12-7h 


70d 

lOlh 
16h 

6-75d 

'^150m 
20h 

15-8h 


57h 
135h 


^"Sn  {d,n) 

»*U  (//,/) 
i"Lu  {a,2ri) 
"•Lu  («,3«) 
"'Hf(p,«) 
*"Ac  (/i,y) 


"*Lu  {d,p) 
i»*Re  (a,2/i) 
"»Os  {d,Zn) 


i"Ta  {n,y) 
"^Ta  {d,p) 
"•W  (/I,/;) 

"»Ta  (a,3/i) 

"*W  (J,2w) 
"*Hf(/;,y) 
"»Lu  (^,2n) 
"»Lu  (/7,/z) 
"«Yb  (/7,y) 
"•Yb  (y,/l) 
"•Bi  («,2/j) 

"•U(/i,y) 
"•U  (/i,2h) 

>"Nd  (n,y) 
»"Nd  {d,p) 
"•Nd  (/i,2/i) 
"•Ir  (a,2n) 
»»Pt  (</^) 
"♦Pt  (J,3«) 

»»Rc  (p.3/») 


5-98 


97  40 

2-60 

18-56 


2-60 
2-60 

3707 
13-3 


99-9877 
99-9877 
26-4 

99-9877 
26-4 
26-4 
0-163 
97-40 
97-40 
31.84 
12-73 
100 


t 
99-2761 

5-72 

5-72 

5-60 
38-5 

0-78 
32-9 


3707 


0023% 


520  ±  50 


4000  ±800 


19  ±7 


60  ±40 


6  ±  1 


3-7  ±  1-2 


D  (9-4d) 

pissmjg 


0228Ra 

(MsThi) 

p228'rh 

(RdTh) 
Di'"Yb 


D*"Ac 

P^-*Ra(AcX) 
D^"Pa 

£)281U 


piesEr 

D"*Os 


P«"At 

p207po 

P»'Np 
D"iPu 
P"Ga 
P"»Pm 


D'"Hg 

P'»»Pt 

P"»Au 
P'"Rc 


*  Pile  Neutioiu 


f  Artificially  Active 
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X  Naturally  Active 


v-Energy 
{Mtv) 


Nuclide 


Half-Uft 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 
I     Relevant 
I        Stable 
1       Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of        Parent  or 
y-Radiation        Daughter  of 


0115 
01151 


01152 


01154 

0116 

0116 


0116 
0116 

01164 


01164 

01164 

0  1165 

0  1165 

0  1167 
0  1169 
0117 


0117 
0117 
0117 

01176 


01179 


(ThB) 


S06 


Bi 


"»Dy 


'•Cr 


*Ta 


»Re 


»Re 


•At 


lorjl 


1.8pb 

"*U(U„) 


"'Nd 
"Mn 
"»Pu 

"«Po 


"»Au 


5-5s 
1064h 


145d 


lOh 
27  5h 
253d 


23h 
3-Oh 

115  Id 


12-7h 


64 -Oh 


8-3h 

26  Ih 

7-8h 

2-4h 

2-48  X  lO'y 


15m 
l-7m 
24360y 

88d 


15-8h 


"•Ag(n.y) 
^••Ag  {d,p) 
"•Pd  {d,2n) 

»»Pt  (J.3/1) 
'"Ta  (/i.y) 
'"Ta(^,/>) 
'  "«W(/f./») 
'"Ta  (a,3n) 
"*W(/7,/i) 
"»W  id,2n) 
"'Ta  (a,3/i) 
»«W(p^) 
>"W  {d,2n) 
•••Bi  (a,3/i) 

»"Au  {a^) 
•••Hg  id^ln) 
"•Er  (/i,y) 

»"U  (/r,y) 


•"Pu  (/l,y) 
•••U  (a,3/l) 

••*Pb  (a,2w) 


^•Mr  (a,2«) 


48  65 
48-65 
11-8 

38-5 
078 
99-9877 
99-9877 
264 
999877 
264 
26-4 
99-9877 
26-4 
26-4 
100 

100 

23-13 
1488 

t 


99-276: 
1-40 


38-5 
0-78 
32-9 


3  2  ±  0-4 


19  ±7 


9  i2 


52  ±2 


403  ±  10 


Strong 
Very  weak 


D«"Po 

(ThA) 
P*'*Bi(ThC) 
D»"Po 

P»«*Pb 

D'"Nd 
P»«Ag 


P«»V 
pi.ipt 

D"'Hg 


D'»K)s 


piiopo 

P»*«Bi 

D»«*Pb 

P"'Tm 

D*»""Pa 

(UX.) 
D»*Pa(UZ) 
P»»mi(lo) 
P»^Pm 

D»»Np 

psiiiny 

P~«Bi 

D»"Rn 

D»»«At 

D"»Hg 

D»»"Hg 
pi.jpt 


•  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


35 


y-Energy 

{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0118 

"Ga 

15-2m 

"Zn  {d,ri) 

**Zn  (p,y) 

48-89 
48-89 

P«*Zn 

0118 

»"Yb 

19m 

0  1182 

»"Yb 

31 -Sd 

""Yb  in,y) 
"»Tm  (d,2n) 

0-140 
100 

11000  -±  3000* 

D"»Lu 

0  1184 

»"Ag 

27m 

"«Cd  (d,a) 

1-22 

D^<»«Cd 

0  119 

i"Yb 

l-9h 

"•Yb(«,y) 

12-73 

5-5  +  10 

pi"Lu 

0119 

uomin 

5  Oh 

"•Ag  (a,3/l) 

48-65 

01194 

»"Au 

15-8h 

"iJr  (a,2/i) 
"*Pt  (^,3«) 

38-5 
0-78 
32-9 

D^'Hg 

DissmHg 

pi9Spt 

0120 

••Mo 

5 -711 

P»«Nb 

p«om]Sfb 

0  120 

.omNb 

24s 

D»»Mo 

0  120 

'♦•Gd 

9-3d 

i*'Sm  (a,2n) 
>"Eu  (A3n) 

15-07 

41 -n 

0  120 

»"Eu 

24d 

i"Sm  (i/,2w) 

15-07 
15  07 

Di«'Gd 

012 

"Zn 

2-2m 

'♦Ge  (/i,a) 

36-47 

0-I2(?) 

»"I 

52-5m 

*"U  («,/) 

5-7% 

D"*Te 

012 

"TI 

2-2m 

D»»Bi 
P*o»Pb 

012 

"•At 

1  6h 

D"*Fr 
P«o«Po 

0  1204 

"Ta 

5  0d 

'•TaC/;,/) 
"•W  (/i,p) 
«"W  (y,p) 

t 
14-4 
30-6 

17000  ±  2000* 

0  1206 

"'Nd 

I106d 

»"Nd  (/?,y) 
'"Nd  (^,/7) 
"'V  (nJ) 

1718 
17-18 

1-8  ±0-6 
2-6% 

pi*'Pm 

01209 

'••Re 

640h 

""Ta  (a,3/f) 
"*W(/»,n) 
"«W  (d,2n) 

99-9877 

26-4 

26-4 

0121 

»»Se 

121d 

"Se(n,y) 
"As  (^,2/i) 
"As  (p,n) 

0-87 
100 
100 

26  ::    6 

012! 

•"Pm 

2'64y 

•••U  (/I,/) 

-0-6% 

Very  weak 

D"»Nd 
P'"Sm 

0121 

'-Pa 

17-7d 

•••Th  (dAn) 
•••Th  («,/>5/i) 
••mi  {</,2/i) 
••'Pa  id,p2n) 

lOO: 
100  J 

* 
t 

P"»U 

P«»»Thao) 

P»«*Ac 

012194 

•'Co 

27Cyd 

••Fc  (</,/!) 

91-68 

D"Ni 

^ 

••Fc(p,y) 

91-68 

•  Pile  Neutron* 


t  Anificially  Active 
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X  Naturally  Active 


''Xf 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent          Radioactive 
Abundance  of         Parent  or 
Y-Radiatian        Daughter  of 

0122 

"»Eu 

9-2h 

"»EU  (/l.y) 

47T? 

1400  ±300* 

"'Eu  (t/.p) 

47-77 

"»Eu  (/f,2/») 

52-23 

01222 

»»Eu 

12-7y 

01222 

"»Ra 

(AcX) 

11  68d 

2 

D"TTi 

(RdAc) 
D"'Fr(AcK) 
P»»^Rn(An) 
D"»Ac 

01226 

""Re 

20h 

0  1227 

i*imj^„ 

40  Oh 

"»Au  (rf.4n) 
"»Au  (;>,3/i) 

100 
100 

P»*«Au 
P'^»Hg 

01227 

"•Re 

88-9h 

'•»Rc  (/i.y) 
'•»Re(y^) 
"•RcWp) 
»"Re  (/!» 
»««W  W,2n) 

37  07 
6293 
37-07 
62^3 

28  4 

100  ±20 

0123 

»"Eu 

16y 

'-Eu(n,y) 

5223 

420  ±  100*            35 

»»Eu  (</.;») 

52-23 

0123 

"»Au 

3  Oh 

'•»Ir  (a,4/i) 
"•Ft  (</,3/») 

385 
078 

pi.ipt 
D"'Hg 

01232 

>"Tb 

8h 

"'Eu  (u.n) 
"»Eu  (a,3/l) 
"•GdO,^) 

47-77 

52-23 

215 

01236 

»o«Cd 

59m 

»»'Ag(p.4/i) 

5135 

P  (27in) 

'•♦Ag 

0  1236 

"•Bi 

6-4d 

•••n  (a.3l) 

•^Po  (</,2/i) 
••Tb  (</,3«) 

70  50 

251 

21-7 

D***Po 
D»"At 

0  1239 

>'«Hf 

23  6h 

"•Yb  (a,n) 
"'Yb  (a.2/i) 
"«Yb  (a,3/i) 
"»Lu  (p.3n) 

3-03 
14-31 
21-82 
97-40 

P"»Lu 

01240 

"»Er 

7-8h 

"•Er  (/i,y) 

14-88 

9  ±2 

P'"Tm 

0124 

"•Nd 

2-Oh 

'"Nd  (n.y) 
'••Nd  (^./>) 
'••Nd  (/f.2/i) 

5-72 
5-72 
560 

3  7  ±  1-2 

P'"Pm 

0124 

»"Cs 

63h 

'"I  (a,4n) 

100 

P'«'Xe 

pi.rmxe 

(-OOiyj 
D'*'Ba 

0124 

"»Ba 

11  5d 

'••Ba  (/i.y) 

0101 

10  ±  1 

P'^'Cs 

*  Pile  Neutrons 


+  Artificially  Active 
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X  Naturally  Active 


y-Energy      .  : 

{Mev)        I      Nuclide      I       Hcdf-Ufe 


I     Per  Cent     ;  Thermal  Neutron 

;  Abundance  of  Activation             Per  Cent 

Some  Modes             Relevant     i  CrossSection       \  Abundance  of 

of  Formation      \       Stable       \  (Barns)  or        \  y-Radiation 

I       Isotope  Fission  Yield 


Radioactive 

Parent  or 

Daughter  of 


0  125 


0  125 
0  125 

0  125 


0125 
0  125 
0  1255 


0  1261 
0  1263 

0127 

0  127 
01271 


^Rh 


"«Pa 
(UX.) 


»»«Ta 
»«Ta 


»«»Gd 
»o»Bi 


'Tc 


01272       I    •'Ni 

0  1275  »"Ac 

(MsTh.) 


0  1286         "'Pa 


5y 


33m 

75s 

6-66h 


105m 

50m 

93-6d 


93d 
12-3h 

140m 

55s 
3  2h 

36h 
6  13h 

22b 


•  Pile  Neutron* 


"»Au  (d,n) 
i"Ru  id,2n) 
i"Ru  (jj,n) 

"'Pa  (/I,y) 


"•W  (y,p) 
"«Os(/I,y) 
i"Re  (p,n) 
"*Re  {d,2n) 
"'Sm  (a,2n) 
"lEu  0?,3/i) 


'""Mo  (d,n) 
'"Ru  (y,/7) 

'•Br  (p,«) 
"»Cs(/i,y) 
»»Cs(rf,p) 
"*Xe  (J,2/i) 
'"Xe(/7,/i) 

»*Fe  (a,n) 
••Ni  (/i,2w) 

••Ni(y^) 
"'Ac  (n,y) 


12-7 
170 
170 

100 


28-4 
0018 
3707 
3707 
15  07 
47-77 


9-62 
31-5 
50-52 

100 

100 
10-44 
1044 
5-84 
67-76 
67-76 


25  ±4 


<  200 


17  ±  4mb 


520  ±  50 


14 


t  Artificially  Active 
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J  Naturally  Active 


D"'Cs 

(001%) 
P*"U(Ui,) 

D"*Pa 

(UX,) 
D"*Th 

(UXO 
(0-63%) 


pjospb 

p203mp{j 

D203PQ 

D^'o'At 
Di"Mo 


P"Co 


D'^'Ra 

(MsTh.) 
P^'Th 

(RdTh) 
D"»U 
P"«Ac 

p228Jh 

(RdTh) 


y-Energy 

{Mev) 

Nuclide 

Hal/-Ufe 

Some  Modes 
of  FormatioH 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fisssan  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

01291 

toipb 

9-4h 

•••n  (</.4/i) 

29  50 

\ 

pfiji 

D  (62m) 

"'Bi 

' 

D(l-85h) 

»*»Bi 
D«~Po 

01291 

itimjf 

4-9s 

D"'Os 

0  1291 

"»Os 

160d 

»»K)S  (n,y) 

26-4 

8  ±3 

D'»"»0$ 

pi*im||- 

01293 

202mp)^ 

3  62h 

01294 

i.ipt 

3  00d 

"4r  (</.2ii) 
"•Pt  (/i.2ii) 

38-5 
0-78 

D'»'Au 

0  1294 

»"Au 

180d 

'•»Ir  (a,2w) 

»»*Pt  (</./!) 

»»Pt  (J,2«) 

61  5 
329 
33-8 

pi.»n.pt(7) 
D'^^Hg 

D"»Hg 

0  1299 

i»imp{ 

3-5d 

»»«Pt  (y.rt) 

25-2 

D"*Au(?) 

0  130 

»»»Tc 

140m 

»»*Mo  (</.n) 
"«Ru(y.p) 

962 
31  5 

D'»'Mo 

0  130 

106mRh 

4Ss 

D»**Ru 
P»"Rh 

0  130 

•"Am 

458y 

D*"Pu 

0  130 

»'Au 

3  Oh 

»"Ir  (a,4ii) 
»"Pl  (<i.3/i) 

38-5 
078 

pi.ipt 
D'"Hg 

0  130 

is&mvy 

1  62m 

"•W  (y.«) 

28-4 

~0I3 

"'Cm 

8  X  10«y 

"HTm  (ii,y) 

t 

15  ±  10* 

5 

D"»Bk 
P"'Pu 

0  1302 

i.Tiny^U 

7-2s 

Dit^mHg 

(3%) 

0  1302 

i.7inHg 

24h 

^••Hg  (/l.y) 

"•Hg(^,/>) 
"•Hg  (/i,2/.) 
»"Au  (</,2w) 

0146 

0146 
1002 
100 

3100  ±  1000* 

pi.rmAu 

(3%) 
P'"Hg 

01305 

>"Yb 

31-8d 

»"Yb  (/i,y) 
"•Tm  (</,2/i) 

0140 
100 

1 1000  ±  3000» 

D"»Lu 

01308 

'"Re 

64  Oh 

"'Ta  (a,3/i) 
"«W  (</,2/i) 

99-9877 

264 

264 

0131 

"Kr 

1  Ih 

'♦Se  (a,/») 

0-87 

0131 

"•Th 

30  9m 

04 

P*"Ra 
D"*Ac 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation 

Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section 

Abundance  of 

Parent  or 

{Mev) 

Nuclide 

Half-Life 

of  Formation 

Stable 
Isotope 

(Bams)  or 
Fission  Yield 

y-Radiation 

Daughter  of 

0-131 

»«u 

74y 

»*Th  (a,4/l) 

»Ta  {,d,n) 
*"Pa  {cc,p2n) 

lOOJ 

+ 
+ 
+ 
+ 

0075 

J)282pa 

D«»»Pu 
P"»Th 
(RdTh) 

0132(?) 

"Pd 

17-5m 

P»»Rh 

0132 

»«»Gd 

9-3d 

"^Sm  (a,2//) 
"^Eu  0>,3w) 

1507 

47-77 

0-132 

"•Ba 

12-80d 

"•Ba(/i,y) 

t 

4  ±  1 
6-17% 

P"»La 

Descendant 

i"Xe 

01327 

-Nb 

1460h 

"Zr  (^,2«) 
"Zr(p,/i) 
"Mo  (</,«) 
•*Mo  (y,/>w) 

51-46 
51-46 
15-86 
15-86 

D'oMo 

0  1330 

"»Hf 

44-6d 

""HfCn.y) 

35-22 
99-9877 

10  ±  3 

0133 

"»Ba 

11  5d 

"»Ba  (/i,y) 

0-101 

10  ±  1 

P"iCs 

0133 

"*Ac 

2-9h 

Strong 

D^Ta 

p220pr 

P"*Ra 

(ThX) 

0133 

»"Au 

3 -Oh 

i"Ir  (a,4/i) 
"*Pt  (f/,3n) 

38-5 
0-78 

pi.ipt 
Di»Hg 

0133 

ifTmHg 

24h 

"•Hg(/I,y) 

"•Hg(rf,/;) 
""Hg  {n,2n) 
"'Au  (</,2/i) 

0-146 

0146 
10-02 
100 

3100  ±  1000* 

pi.TmAu 

(3%) 

pi.THg 

0  1335 

'•m 

2-7h 

P»'Hg 

0  1335 

»"Ce 

285d 

"»Ce  (/i,y) 

t 

60  ±  0-7* 

5-3  7o 

pi««Pr 
Descendant 
'"Xe 

0  1338 

i«Rc 

64  ^h 

""Ta  (a,3n) 
"*W(/7,n) 
"•W  W,2h) 

99-9877 

26-4 

26-4 

0134 

"♦Hg 

04s 

0134 

»'Mn 

l-7m 

Strong 

0-134(7) 

M.pu 

498h 

•"Pu  (/»,y) 

t 

19  ±  1 

P^'Am 

0-1342 

••♦Cd 

59m 

"»Ag(/7,4/j) 

51-35 

P(27ni) 

"*Ag 

01342 

"nv 

240h 

'••W(/».y) 

28-4 
28-4 

34  rf   7 

0-133 

«»»Au 

42in 

pu.pt 
D»»Hg 

Pile  Neutrons 


t  Artificially  Active 

40 


X  Naturally  Active 


^(S^f 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutrom                           \ 

Activation             Par  Cmu     i     Radioactive 
Cross  Section         Ahmidame*af\       Parent  or 

{Bams)  or           y-Radiation  '     Daughter  of 
Fission  Yield                              , 

0135 

MlJl 

72h 

••^Au  (a,y) 

100 

i 

D»«iPb 

••»Hg  (d,2n) 

13-22 

0-1353 

"»Hf 

23  6h 

"•Yb  (a,/l) 
•"Yb  (a,2n) 
"»Yb  (a.3/i) 
'»Lu(/;,3n) 

303 
1431 

21  82 
97  40 

P»"Lu 

01355 

ittmpf 

43d 

'"Pt(«,y) 
'•*Pt  (n,2n) 

0-78 
329 

90  ±40 

D»"Au 

D>»«"Au 

* 

»"Pt  (J.p) 
»»Mr  (J.2n) 

078 
61  5 

(003%) 

01358 

»>Th(UY) 

25  64h 

**n-h  (/l.y) 

♦ 

35  ±  10* 

D"»U(AcU) 
P"»P» 

0-136 

"Sc 

121d 

"Se(/i.y) 
"As  (</,2n) 
"As(/j./i) 

087 
100 
100 

26-6 

0  136 

»«'Gd 

29h 

P'"Eu 

01361 

"Kr 

34-5h 

"Kr(/f.y) 

'•SC  (a,/l) 

"Br  id,2n) 
"BrCp,/!) 
"KrK/») 

0354 
9^2 
5052 
5052 
0354 

2-0  ±  0  5 

01362 

isiHf 

44-6d 

»"Hf(/l,y) 
'•'Ta  (n,p) 

35-22 
99  9877 

10  ±3 

01363 

«"Ir 

7437d 

••Mr(/i.y) 

"Mr  (/I.2/I) 
"«Os  (^,2/1) 
"*Pt  (y,p/l) 

385 
38-5 
61  5 
410 
329 

700  ^200 

013631 

"Co 

270d 

»*Fe  (d,n) 
"Fc(p,y) 

91-68 
9168 

D»TMi 

0-1365 

'•"Au 

4-7h 

"4r(a,3«) 

38-5 

D"«Hg 

01365 

>"W 

145d 

>-W(/l,y) 

0135 

10  ±  10 

01370 

»"Hf 

44  6d 

"•Hf(/I,y) 
»"Ta  (n.p) 

35-22 
99-9877 

10  ±3 

0-137 

"""In 

53  99m 

"*ln(/i.y) 
"•Cd  (p,ii) 

95-77 

95-77 

7-58 

155  ±  10 

3 

0  137 

(RdTh) 

1910y 

0-26 

D*»Ac 

(MsTh,) 
P*»«Ra(ThX) 
D*"U 
D"»Pa 

♦Pile 

Neutrons 

t  Artificially 

Active 

I  Naturally  Active 

41 

y-Energy 
{Mev)  Nuclide  Half-Life 


Some  Modes 
of  Formation 


Per  Cent        Thermal  Neutron 
Abundance  of  Activation 


Relevant 
Stable 
Isotope 


Cross  Section 

{Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


01372 


01372 
01374 


0  1376 
0  138 


01381 
0  1389 


0140 

014 

0-14 

0  1403 

01406 


•Re 


17*Yb 

"•Ag 


"•Ho 
"•Cs 


0139  '•'"Ge 

01 400       i  "«Hf 


0 140  **»Am 

0  140  '"Yb 

0140  "Mo 


"Pd 

IMpt 


88 -911 


15h 

3-2h 


lOlh 
21  Im 


~lh 
32-2m 


48s 


198h 
54h 
660h 


21  6m 
l-2m 
llh 

604h 

8-8d 


^«Re  {n,y) 
^"Re  iy,n) 
"*Re  {d,p) 
"'Re  in,ln) 
"«W  {d,2n) 

"='Cs(/i,y) 
"^Cs  {d,p) 
"*Xe  {d,2n) 
"*Xe  (p,/i) 
"♦Yb  {n,y) 
"•Yb  (y,/i) 
"•Cd(y,;7) 


"»Ba  {n,p) 
"'CS  (/7,y) 

'*Ge(/i,y) 
"As  {n,p) 
"«Yb  (a,w) 
i"Yb  (a,2/j) 
*"Yb  (a,3/i) 


"Mo  («,y) 
••Zr  (a,/l) 
"Mo  {d,p) 
"«Mo  (/i,2/i) 
"«Mo  (y,/j) 
»»U  (/I,/) 


"Ru  («,/>) 
•^Pb  (a,2/l) 


3707 
62-93 
37-07 
62-93 

28-4 

100 
100 

10-44 
10-44 
31-84 
12-73 
7-58 


71-66 

t 

36-74 
100 
3-03 
14-31 
21-82 
97-40 


23-75 
2-80 

23-75 
9-62 
9  62 


12-7 
1-40 


100  ±20 


17  ±  4mb 


60  ±40 


Weak 


<2 
0-040  ±  0-008 


0  45  ±  010 


6-2% 


£)186pt 


P^"Cd 

(91%) 

pusmcd 

(9%) 

D"«Xe 

Descendant 

188J 


pi"Lu 


D"»Pu 
P"«Tm 

P»»mTc 


P(4-7h)"Rh 

£)USpd 

pis.jr 

D"»Au 

D"Mo 

P"Tc 

pao«Bi 

D»"Rn 
D«"At 


•  Pile  Neutron* 


t  Anificially  Active 

42 


\  Naiurally  Active 


y-Energy 

iMev) 


Nuclide 


Half-Ufe 


Per  Cent  Thermal  Neutron 

Abundance  of  Activation  Per  Cent     \     Radioactive 

Some  Modes            Relevant  Cross  Section  Abundance  of  \       Parent  or 

of  Formation              Stable  {Bams)  or  y-Radiaticn       Daughter  of 

Isotope  Fission  Yield 


0  1409 
01415 

01416 


0  142 
0142 
0142 
0142 


01422 


01422 


0  1423 

0  1423 
01423 


0143 

0  1439 
0144 

0144 
0144 


01441 


"♦Bi 

•"Nb 


>"Gd 

»««Cc 

""Thdo) 


Tb 


*»Ta 


•"Hg 
'"Re 


"&U 

(AcU) 
»"Dy 
'•»Rh 

"»Bi(ThC) 


"Ta 


11  6h 
14  60h 

33  Id 


29h 
195s 
13-9m 
80  X  10«y 


21-5h 


5  0d 


6-04h 

5-7h 
71d 


7  1   X  10»y 

8 -211 
4-7d 

27-5h 
60-5m 


5  0d 


»"Pb  {d,2n) 
"»n  (a,3n) 
••Zr  (^,2/1) 
••Zr  ip,n) 
«Mo  (</,«) 
"Mo  {y,pn) 
'♦»Ce  (/I.y) 
"•Ce  {d,p) 

»*H:e  (ai.2/1) 
>"Pr  (n,p) 
"»U  (/I,/) 


'**Ta  (/f.y) 
»"W  (/i,p) 
>-W  (y./>) 
••Ru  (/»./») 


'"Ta  («,2/i) 

"«W  (d,n) 
"«U  {n,y) 


'»'Ru  (p,/i) 
"»«Ru  (</,/!) 


"Ta  (/i,y) 
'"W  (/I,/?) 

"*W  (y,p) 


1  40 
29  50 
51  46 
51  46 
15  86 
15-86 
88-48 
88-48 

1107 
100 


t 
14-4 

306 
12-7 


999877 
14-4 
26-4 
0O056: 


17  0 
12-7 


t 
14-4 
30-6 


0  31    :rOIO 


5-7% 


17000  ±  2000* 


(KT? 


90  ±30 


17000  ±  2000* 


12 


P»**"Pb 

D»"Po 

D»«Mo 


D'«'La 

Descendant 
'"Xc 


P'"Eu 

pu.pr 

D*"U(U„) 

P"*Ra 

D"»Pa 

P"m 

D»»«Bi 

D»«*Po 


D**Mo 
P*»Tc 
P'"Au 
D"»Os 


P»»Th(UY) 


QlOiptJ 

D"»Nd 
D"*Pb(ThB) 
P"»Po(ThC') 
P^Tl 

(ThC) 
D"*At 


*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Entrgy 

(Afer) 

Nuclide 

1 

Half-Life 

Some  Modes 
of  Formation 

Per  Ccwf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

01441 

"»Re 

71d 

i"Ta  ia,2n) 
i»»W  (p,n) 

99-9877 

14-4 

26-4 

D^^'Os 

0  1442 

"»Ra 
(AcX) 

ll-68d 

41 

D"'Th 

(RdAc) 
D223pr(AcK) 
P^i»Rn(An) 
D"=»Ac 

01448 

"»Yb 

lOlh 

"*Yb  (/i,y) 
i-^Yb  (y,n) 

31-84 
12-73 

60  ±40 

0145 

MTtapu 

018s 

D"iCm 

0145 

•»Ru 

l-65h 

""Ru  in,2n) 
»^Mo  (a,/l) 

5-57 
15-86 

0145 

"Te 

9-4h 

"•Te  (/j,y) 
i"Te  ((/,p) 
i^«Te  in,2n) 

18-71 

18-71 

31-79 

100 

0-8  ±  0-2 

0-007 

Di27m7e 
Di"Sb(84%) 

0-145 

»"Xe 

36-41  d 

i"Xe  (/J,y) 

i"I  (f/,2/;) 
»^*Te  (a,//) 

0090 
100 
100 
4-61 

D^'Cs 

0145 

»4inQ 

32-40m 

"S(p,/J) 

100 

4-215 

0-750 

p»*a 

0145 

"T^p 

2-20  X  10*y 

0-8 

p23spa 

0145 

">Pu 

130y 

"«Pu  in,y) 
""U  (a,/;) 

t 
99-276: 

250  ±40 

P*"Am 

P"'U 

D"*Cm 

01452 

>«H> 

285d 

'"Ce  (/j,y) 

t 

60  ±  0-7* 
5-3% 

pi44pr 
Descendant 
'"Xe 

0  1454 

"*Os 

13-5h 

"»Re(p,3«) 

37-07 

pi8SRe 

0146 

'"Yb 

l'9h 

"•Yb  (n,y) 

12-73 

5-5  ±  10 

P'"Lu 

0146 

"»Bk 

4-5h 

»«'Am  («,2w) 

t 
t 

P"»Cm 

0146 

"•Cf 

35-7h 

"•Cm  («,/i) 
"♦Cm  (a,2n) 

t 

t 

3-5  X  10-» 

P"«Cm 
D"«E 

0  1460 

»"Hg 

5-7h 

P'"Au 

01461 

"'Th(UY) 

2564h 

"Th  (/i,y) 

35  ±  \0* 

D"»U(AcU) 
pisipa 

0  147 

'"Gd 

29h 

pu'Eu 

*  Pile  Neutron* 


t  Artiikially  Active 

44 


X  Naturally  Active 


y-Energy 
(Mev)        '      Nuclide 


Half-Uf« 


Some  Modes 
of  Fonnation 


Per  Cent 

'  Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
y-Radiation  i     Daughter  of 


01477 

0  1480 

0  148 
0148 
01488 


0  1489 
0  1490 
0  149 
01494 


01495 

01496 
01499 
0  150 

0  150 
0150 
0  150 


'"Re 
"•Pb 

•"Xc 

"•Th 


I  St 


Re 


»"Po 
"•Gd 
"•Ac 

»»»Pu 
♦•Cr 


64^h 

21 -Sh 

21h 
7340y 
64^ 


«""»Pb  !  3 -6211 

»"Tb  I  5-6d 

"Kr  !  Mh 

'"Re  640h 


436h 

5-7h 

93d 

lOOd 

86-4y 
419m 
48  6m 


'"Ta  (a,3/i) 
>"W  (p,n) 


'"I  (p.5/1) 

"Th  (/l.y) 

»"Ta  (a,3n) 
'"WO^^) 
>"W  (</,2/i) 


»*Sc  (a.n) 
"'Ta  (a.3/f) 
»«W(p,/i) 
»"W  (d,2n) 

"Kr(«.y) 

••Sr  (n,a) 

•*Rb  (/i^) 

•••Pb  (a,3n) 

'•'Sm  (a,2n) 
'»'Eu  (p,3n) 


"•U  (f/,2/i) 
"*U  (a,4n) 
"»U  (a,/l) 
«*Ti  (a,/l) 
'•Cr(/i,2n) 
^-CrCy,/!) 
"•Cd  (/l,y) 

"•Pd  («,n) 

>"Ag  (a,/7/l) 

"HTd  (/i,2fl) 


99-9877 

264 

264 


100 


99-9877 

264 

264 


087 
99  9877 
264 
264 
56  90 
56  90 
82-56 
72-15 
251 

1507 
47-77 


99-276J 
99-276J 

0720: 

7-99 

4-31 

4-31 
12  39 

26-7 

48-65 

24-07 


123  ±  15* 


0  10  ±  0^3 


0-2  ±  01 


I  X  10- 


P«T1 

D»^Bi 

D«^Po 

P'»I 

D'»H:s 

P"*Ra 


D"Br 


D"'Rn 
D»«'At 


D"»Ra 
pwipr 

D*«Pa 
D»"Th 
D*»Np 
D»*»Cm 


D"'In 

(0  1%) 


*  Pile  Neutrons 


f  Artificially  Active 
45 


X  Naixirally  Active 


y-Energy 
iMeo) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0  150 

«™Sr 

70m 

"Sr  (n,y) 
»*Rb  (j),n) 
»^Rb  (</,2/i) 

0-56 

72-15 
7215 

<1 

015 

«Sr 

25-5d 

P"Rb 

015 

"Rb 

24m 

0-15 

i"Te 

24-8m 

"Te  («,y) 
I'Te  (</,p) 

34-49 
34-49 

0-22  ±  0-05 

D^^Sb 

0-151 

"Sr 

33h 

P"Rb 
D"Y 

0-1517 

I.TJI 

2-7h 

P"^Hg 

0-1524 

'**Ta 

1151d 

"iJa  (/i,y) 

99-9877 
99-9877 
26-4 

19  ±7 

0  1524 

i«Re 

12-7h 

"•Ta  (a,3w) 
"*W  Cp,«) 
"*W  {d,ln) 

99-9877 

26-4 

26-4 

D"K)s 

01524 

"*Re 

640h 

i"Ta  (a,3«) 

1«W  (/7,/l) 

99-9877 
26-4 

0-1525 

»"W 

145d 

""•W  {n,y) 

0135 

10  ±  10 

0  153 

"•Sn 

395m 

i"Sn  («,y) 
»«Sn  {d,p) 
"«Sn  (/i,2n) 

4-71 
4-71 
5-98 

016  ±  0-04 

0  153 

'»k:s 

12-9d 

'"Cs(/i,y) 
"•La  (/i,a) 

t 
99-911 

13  ±4* 

0  153 

*"Am 

198h 

D"»Pu 

0  153 

«"Pa 
(UX.) 

666h 

"»Pa  (/I,y) 

t 

25  ±4 

P"*U(U„) 

D"'Pa(UX,) 
D"*Th(UXi) 
(0-63%) 

0  1537 

»"Gd 

150d 

"»Eu  (</,2n) 

47-77 

01541 

"•Ra 

(AcX) 

1168d 

5-5 

D"'Th 

(RdAc) 
D"»Fr(AcK) 
P"»Rn(An) 
D"»Ac 

0  1543 

•••u 

20-8d 

•»«Th  (a,6/i) 
">Pa  (^,3/») 
«»»Pa  {a,pAn) 

loo: 

* 
* 

D»oPa 
D«»*Pu 
P*»Th 

01546 

•••Tin 

7-7h 

•••Ho  («,3w) 

too 

3341 

D»^Yb 

•  PU«  Neutrooa 


-f  Artificially  Active 
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X  Naturally  Aaive 


1 


y-Energy 
(Mev)         I      Nuclide 


Half-Uf* 


Per  Cent  Thermal  Neutron 

Abundance  of  Activation              Per  Cent           Radioactive 

Some  Modes            Relevant  Cross  Section        Abundance  of        Parent  or 

of  Formation      j        Stable       I  {Bams)  or           y-Rathatum  <     Daughter  of 

Isotope  Fission  Yield 


0  1550 


0155 


01551 

01552 
01557 


0  1558        i  '"Dy 
0156         I  "Ta 


01561 
0  1564 

01564 


01574 
01577 


01 577 
0  1580 
0  158 

01581 


JOTpo 

""Ta 
»"Re 
»"Hg 


'"Au 

torpo 


•Ac 


lOh 
22h 


57h 
llSld 

64-Oh 


5-7h 
162  5d 


4-7h 

5-7h 

20-8d 

29h 


"•Ir 

41  5h 

"^Re  (a,3/i) 
»«*Rc(a^) 
•••Os  (d,2ft) 

utailn 

207m 

"•CdCp^) 
»«»In  (n,2n) 

"•Re 

16  7h 

>'^Rc  (/I.y) 
"'Re  (</,p) 

»»«Tb 

56d 

'•»Au 

15  8h 

"Mr  (a,2ii) 

"«pt  (djt) 

"•Pt  {d,3n) 


»^Pb  («,3ii) 

"»Ta(«.y) 
"»Ta  (d,p) 
"«W  (/i./>) 
»"Ta  (a,3n) 
"«W(;».n) 
»"W  (</.2«) 

"•Pu  («,n) 
«"Am  id^) 


»»Ir  (a,3/») 
"»Pt  (d,2n) 
•^Pb  (a,3/l) 

"Th  (a,6/i) 
«"Pa  id,3n) 
»"Pa  (a,y>4/i) 


62  93 
37  07 
1313 
161 
48  65 
1275 
2407 
423 
6293 
62-93 

38-5 
078 
32-9 


25  1 

99  9877 

99-9877 

264 

99-9877 

264 

264 

t 
t 


38-5 
078 
251 


loo: 


75  ±15 


035 


19  ±7 


D"»Pt 


P"»In 


D"^W 


D"»Hg 

D""»Hg 
pi.tpt 


D«"U 
P"*Ac 
P"«Th 

(RdTh) 
D"'Rn 
D*»^At 


P"*Au 

D"»Am 

D"*«Am 

D»*«Cf 

P«"Pu 

D"»Hg 

D«"Rii 

D«"At 

D*~Pa 

D»*Pu 

P"Th 

D«««Pa 

P**«Th 


*  Pile  Neutrons 


t  Artificially  Active 

47 


X  Naturally  Active 


Per  Cent 

Thermal  Neutron  \ 

Abundance  of 

Activation         i     Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section       Abundance  of 

Parent  or 

Nuclide 

Half-Ufe 

of  Formation 

Stable 

(Barns)  or         \  y-Radiation 

Daughter  of 

Isotope 

Fission  Yield 

01583 

i"Au 

314d 

»«Au  (/I,y) 
"«Pt  id,n) 
"•Hg(/i,p) 

t 

719 

16-84 

26000  ±  1200 

Di..pt 

0  1584 

i.»-n 

7-4h 

"'Au  («,2n) 
"•Hg(t/,2/i) 

100 
16-84 

D"»Pb 

0  1586 

«»Ra 
(AcX) 

1 1  -68(1 

- 

D227Xh 

(RdAc) 
D^'FrCAcK) 
P"»Rn(An) 
D^"Ac 

0  1589 

«oopb 

21 -Sh 

paooyj 
D200Bi 

£)204po 

0159 

"»Au 

3-Oh 

"^Ir  (a,4n) 
"*Pt  (d,3n) 

38-5 
0-78 

pi9ipt 

D^'iHg 

0  159 

»*'Am 

458y 

D^"Pu 

0  159 

iMRe 

2-2d 

"^Ta  i<x,n) 
''*y/(p,n) 

99-9877 
30-6 

0  159 

it.mHg 

42ra 

^••Hg  in,n) 
'>mg(d,p) 
"«Hg  in,2n) 

16-84 
10-02 
2313 

0  159 

iiTinSn 

140d 

"•Sn  (n,Y) 
"•Sn(^,/>) 

14-24 
14-24 
28-86 

6  ±2mb 

0  159 

♦'Sc 

3 -43d 

"Ca  («,;») 
"Ti  (y,p) 
*'Ti(n,p) 

2-06 

73-99 

7-32 

D^'Ca 

0  159 

l2»IW|'g 

104d 

"*Te  (/i,y) 
"»Sb  (d,2n) 

2-46 
42-75 

11  ±0-5 

0  159 

12»I 

13^h 

"iSb  (a,2n) 

57-25 

D»"Xe 

0  159 

""Gc 

54s 

"Ge  (n,y) 

7-67 

80  ±  20mb 

P"As 

0160 

"Br 

57h 

"Se  (rf,n) 
"As  (a,2n) 
"Se(a,p) 

902 
100 
0-87 

P'^^Se 

0160 

"As 

38-7h 

"Ge  (f/,/») 

7-67 

91  X  10-»% 

0-26 

D"Ge 
D'^^Ge 

0160 

i7.mHf 

19s 

0160 

'♦•Np 

60m 

"•Np(/i,y) 

t 

25  ±  15* 

016 

••<Ta 

8-7h 

'•♦W  (/»,/») 

306 

016 

i«»inQy 

1  25m 

•"Dy  (/»,y) 

28-18 

510  ±20 

016 

"Se 

45m 

01601 

'"Re 

64  Oh 

'•«Ta  («,3/i) 

99-9877 
26-4 

«"W  (d,2n) 

26-4 

*  Pile  Neutroftt 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0  1605 

'"Ta 

5  0d 

'•*Ta  (/I,y) 

t 

17000  ±  2000* ; 

"»W  (/!,/») 

144 

»-W(y./7) 

306 

0  1605 

>"Re 

7Id 

»"Ta  (a,2n) 
>«»W  (p,/i) 

999877 
14  4 
264 

D'*K)s 

0  1608 

•"Tb 

S-6d 

0161 

>»»Au 

30h 

»"Ir  (a,4n) 
>"Pt  (</,3/i) 

38-5 
078 

pi.ipt 
D'*'Hg 

0161 

uTmin 

1  90h 

Descendant 
"»™Cd 
D"^Cd 
P"Mn 

0161 

"»In 

1-lh 

"•Cd  (</^) 
"•Sn  (y.p) 

758 
240I 

D"'Cd 

0161 

"'Sb 

2'8h 

"Mn  («,2/i) 
"•Sn  (d,n) 
"'SnO>^) 

9577 

1424 

7-57 

01613 

"»Hf 

70d 

"«Hf(/l.y) 
"•Lu  (<y,2/i) 
"•Lu(p.«) 

0  163 
97  40 
97  40 

01614 

'•Ta 

SOd 

»»Ta  (rt.y) 
»"W(/i^) 

»**W  (y,/») 

t 
144 
306 

17000  X  2000* 

01614 

"»Dy 

lOh 

01614 

'"Re 

7ld 

'•'Ta  (a,2/f) 

^"W(/>^) 

"•WW^) 

99-9877 

144 

264 

D'*H>s 

01615 

»"Tb 

56d 

0-162 

'""Se 

175s 

D"Br 

0162 

iiTtnSn 

140d 

"•Sn  (»,y) 
"•Sn(J.;») 
"HTd  (a,/i) 

14-24 
14-24 
28  86 

6  ±  2mb 

0-162 

>»Cs 

12-9d 

"•Cs  (/l.y) 
»»»La  (/i.a) 

t 
99  911 

13  ±4* 

0  162 

'"Ba 

12  80d 

'"Ba  (/i.y) 

t 

4  ±  1* 
6-17% 

P'^La 
Descendant 

'"Xe 

0  1623 

"Ta 

S-Od 

'•*Ta  (/i,y) 
^"W  {n,p) 
'•^yfiy^p) 

t 
14-4 
306 

17000  ±  2000* 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Natundiy  Active 


y-Energy 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0  1623 

"»Hf 

23 -611 

"«Yb  («,«) 
"»Yb  (a,2w) 
i"Yb  (a,3n) 
"*Lu  {p,'in) 

3  03 
14-31 
21-82 
97-40 

P"»Lu 

01623 

issRe 

71ci 

"iTa  (a,2«) 
"»W(An) 
»"W  {d,n) 

99-9877 

14-4 

26-4 

D"«C)s 

0  1626 

18iOs 

936d 

"*Re  (/?,«) 
"*Re  {d,ln) 

0018 
37-07 
37-07 

<200 

0163 

>"Pm 

27-5h 

Di"Nd 

0163 

ISIJ 

8  08d 

"*U(/i,/) 

34-49 

2-8% 

pisimxe 

(-1%) 

0  163 

i»Ba 

84-Om 

i"Ba  (n,y) 
»«Ba  (f/,p) 

"•La  {n,p) 
"'Ce(/i,a) 

71-66 
71-66 

99-911 
11-07 

0-5  ±  0  1 
6-3% 

D"»Cs 

Descendant 
"•Xe 

0  163 

»»Fe 

8-3h 

^''Cr  (a,2/i) 
**Fe  (y,2/i) 

4-31 
5-84 

-100 

posmMn 

0  1633 

»"Th(UY) 

25  64h 

"Th  (//,y) 

+ 
+ 

35  ±  10* 

0-2 

D"*U(AcU) 
P*"Pa 

0  1635 

»»Tb 

5-6d 

01639 

i.imxe 

120d 

>"Xe  {n,n) 

2118 

D'"I(~1%) 

0164(?) 

»"Rh 

36-5h 

I'^Ru  (J,/i) 
"•Pd  (y,/7) 

18-5 

27-3 

Descendant 

0164 

"*Bi(ThC) 

605m 

D"*Pb(ThB) 

p*12po 

(ThC) 

P208X1 

(ThC) 
D"«At 

0164 

••""Hg 

24h 

•"Hg(/i,y) 

"•Hg(</.p) 
»"Hg  («,2/i) 
••'Au  {d,ln) 

0  146 

0  146 
10  02 
100 

3000  ±  1000* 

P>»""Au 

(3%) 
P"'Hg 

01646 

"'U 

675d 

"•U  (/».y) 
»"U  (/i,2n) 

t 
99-276t 

6  ±  1 

3  6 

P»»^Np 
D"»Pu 

0  165 

••Sr 

33b 

P"Rb 
D"Y 

•  Pile  Neutron* 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

/*«•  Cent 
Abundance  of 
1      Relevant 

Stable 
1       Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Pittim  Yield 

PtrCemt 

y-RadiatioH 

Radioactive 

Parent  or 

Daughter  of 

0165 

"•Sb 

4-2h 

P'»»Tc 

0  165 

"•Pu 

2-85y 

»»U  (a,3/l) 

"•U  (d,2n) 
""U  («,4/i) 
»"Np  (rf.2n) 

1      0720: 
99276: 
99-276: 

1          f 

6-6  X  I0-* 

P«"U 

D«*«Cm 

D»"Np 

-0  165 

*»»U(AcU) 

7  1   X  10»y 

»*U  (n.y) 

0O056: 

90  ±  30 

>4 

P»'»Th(UY) 

0  165 

i85inyY 

1  62m 

'••W  (y,/l) 

28  4 

0166 


0  166 


0166 
0  1662 
0  1668 
0  1672 

0  1679 

0168 

01686 

0  169 

0  169 


01692 


0170 
0170 


0170 


"Kr 


•Ce 


'•»Gd 
i..pb 

201TJ 

'"Pm 
»"Rn 


2-77h 


••Th 
(RdTh) 


i"Re 


"Ge 

"»Sm 


'Xe 


140d 


23in 
3  6m 
37m 
72h 

135h 
27-5h 
16h 

16h 


1910y 


640h 


21in 

471h 


3641d 


"Kr  (n.y) 

"<:e(/.,y) 
'••Ba  («,«) 
'••U  {d,ln) 

«»Hjd  (n.y) 

"'Au  {a,y) 
"'Hg  {d,2n) 
'"ReO>,3/i) 

"•Bi  (a,2/f) 

"•Hi  (a.2n) 


'»'Ta  (a,3/i) 
'"WO>./i) 
>"W  (</,2/i) 
'«Ge  (</,p4/i) 
»"Sm  {n,y) 
'*»Sm  (</,p) 
»**Sm  (y,/l) 
^^'Nd  (a,n) 
^*«Sm  (/i,2n) 
*«U  (/I,/) 
"•Xe  (/I,y) 
'"I  (a/i) 
'"I  (f/,2n) 
'^*Te  (a,/j) 


!      0250 
'       781 
99  911 
99  911 

!     21  9 

I   100 
!     13  22 
;     3707 

100 

100 


99  9877 
264 
26-4 
2055 
2663 
2663 
22-53 
5  60 
22-53 

0O90 
100 
100 

4-61 


<600 

0  6  ±  0-3 

0  8  ±  0  3 


140  ±40 


015% 


0O9 


P'«Rb 
D"Br 
D»»»Pr 


P"'Tb 

D»»Pb 

P»"Re 

D"»Nd 

P*"At 

P"'Po 

P*"At 

P»»'Po 

D»"Ac 

(MsTh,) 
P»"Ra 

(ThX) 
D"«U 
D»"Pa 


P*»Ga 


D"'Cs 


*  Pile  Neutrons 


•f  Artificially  Active 


:  Natunlly  Active 


31 


y-Energy 
iMev) 

Nuclide 

Half-Ufe 

1 

Some  Modes 
of  Formation 

j     Per  Cent 
!  Abundance  of 

Relevant 
i        5fafc/c 
Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

017 

iiunp^ 

5-5h 

"opd  {d,p) 

11-8 

piling 

017 

iwpr 

70m 

017 

»"Pm 

300h 

0-17 

"Ni 

6-4d 

**Fe  {a,2n) 

5-84 

P"Co 

01702 

"*Bi 

11  6h 

^-Tb  {d,2n) 

^o'Tl  (a,3/l) 

1-40 
29-50 

p204inp^ 

D204po 

0-1707 

i83inOs 

lOh 

0-1708 

.o.po 

8-8d 

"♦Pb  (a,2n) 

1-40 

paosBi 

D"«Rn 

D^o'At 

0171 

*"mi 

22- 12m 

"*Th  in,y) 
"^Th  {d,p) 

loot 
loo: 

7-33  ±0-12 

0-7 

P"»Pa 

01715 

"»Lu 

l-4y 

'"Yb  {p,n) 

1613 

D173Hf 

01715 

"•Po 

8-8d 

^»*Pb  (a,2/l) 

1  40 

paosBj 

D*"Rn 

0  172 

"»In 

2-81d 

"•Ag(a,2«) 

"'Cd  (j),n) 
">Cd  (f/,/i) 

48-65 

12-75 
12-75 

~100 

(0-01%) 

01728 

'"Re 

64-Oh 

"^W(p,/7) 

"^W  (</,2/i) 

99-9877 

26-4 

26-4 

0173 

'•Ga 

21-lm 

"Ga  {n,y) 
"Ga  (w,2/j) 
••Ga  (£/,;») 
"Ge  {y,pn) 

60-2 
39-8 
60-2 

27-37 

1-4  ±0-3 

0  173 

**»Cin 

8  X  10»y 

*"Cm  («,y) 

t 

15  ±  10* 

14 

D««Bk 

p24ipu 

OI73I 

l.TJl 

2-7h 

pi.THg 

01734 

'•Tb 

2-4h 

0  1734 

•"Au 

4-7h 

"'Ir  (a,3«) 
»«Pt  (^,2/1) 

38-5 
0-78 

D>»^Hg 

0  1735 

>»»Au 

15  8h 

"•Ir  (a,2/i) 
>"Pt  {d,n) 
"«Pt  (^,3/») 

38-5 
0-78 
32-9 

2-0 

D»"Hg 

£)i.3mHg 
p..spt 

0  174 

'»Cs 

30  7h 

"M  {a,2n) 

100 

D'"Ba 

0  174 

'•'Os 

23m 

0  1744 

'"Tb 

62h 

"'Eu  («,2«) 

47-77 

P"»Gd 

0  1750 

"As 

62h 

"Ge  (</,/!) 
"Ga  («,2/j) 

20-55 
602 

P"Ge 

0  1750 

«»«Gd 

150d 

"•Eu  (c/,2/i) 

47-77 

0  175 

'••Dy 

139  2m 

'"Dy(/i,y) 

2818 

2100  ±  300* 

TilTFR 


X  Naturally  Active 


t  Artificially  Active 
52 


y-Energy 
(Afw) 

Nuclide 

Half-Ufe 

Some  Aiodes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

(Bants)  or 
Fission  Yield 

Per  Cent 
AbuMdoHceof 
y-Radiation 

Radioactwe 

Parent  or 

Daughter  of 

0-175 

i"Sb 

2-Oy 

"*Sn  (d,n) 

5-98 

! 

D  (9  4d) 

'»Sn 

"'VinJ) 

0023% 

p»«*««Tc 

0  175 

i27mxe 

75s 

•"I(P^) 

100 

D'"Cs 

(001%) 

0-175 

"»Np 

2  20  X  10«y 

0  1        ;  D»^U 

P*»«Pa 

0175 

"•Pu 

1085d 

»"Pu  (n,Y) 

t 

260  ±  150* 

P«*«Am 

0175 

"'Ta 

50m 

-WCyJ)) 

28-4 

01754 

"^Ho 

2-5h 

"•Tb  (a,2/i) 
>"Dy(/>^) 
'••Dy  (d,n) 

100 
18-88 
2-294 

D"'Er 

01759 

204Bi 

11 -611 

"«Pb  id,2n) 

»«»TI  (a.3/l) 

140 
29  50 

pmmpt) 

D*»*Po 

0-1767 

(ThB) 

1064h 

D"«Po(ThA) 
P»'»Bi(ThQ 

0177 

isipm 

27-5h 

D'»'Nd 

01772 

1.9  Yb 

31-8d 

'••Yb  (/I.y) 
'••Tm  ((/,2n) 

0140 
100 

11000  ±  3000* 

D'"Lu 

0  1776 

i87ir 

13h 

'••Re  (a.2/i) 
'••Os  (</,3/i) 

37-07 
133 

0  179 

»"Ac 

(MsThJ 

6-13h 

•"Ac  (/I.y) 

520  ±50 

D*"Ra 

(MsThi) 
P"»Th 
(RdTh) 

0  1794 

'"Ta 

115  Id 

'•'Ta  in,Y) 
'•'Ta  (^./)) 
'•*W  in,p) 

99-9877 
99-9877 
264 

19  X  7 

01794 

"*Re 

64  Oh 

""Ta  (a,3/i) 
»"W(p,/i) 
'"W  {d,2n) 

99-9877 

26-4 

26-4 

0  1798 

"»Ra 
(AcX) 

ll-68d 

05 

D«TTi 

(RdAc) 
D»"Fr 

(AcK) 
P"»Rn(An) 
D»"Ac 

0-1798 

l.5Hg 

9-5h 

'•'Au(p,3/i) 

100 

D'»*'°Hg 
D'»*T1 

0-180 

»»Ho 

33m 

0180 

isamja 

16-5m 

'•'Ta  (/i,y) 

99-9877 

30  ±  lOmb 

0180 

86Y 

14-6h 

••Sr(/),3n) 

82-56 

D»»Zr 

*  Pile  Neutrons 
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X  Naturally  Active 


Per  Cent     ;   Thermal  Neutron 


y-Energy 

{Mev) 


Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Abtmdance  of 

Relevant 

Stable 

Isotope 


Activation 
Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


018 

018 

0-18(?) 

0-18 

018 


018 

0  1802 
0  1803 
0  1804 
0  1805 


01808 
0181 


*"Th(UY) 

ITlHf 


'•As 
•"^Os 

1MJ5 

»"Tb 
'•Kr 


'Gd 
•Mo 


0  1818  "'Np 


0  1818  "'Am 


l-6h 

25  Mh 

19m 
63  •6h 
16-Oh 


52m 
21-9h 
19h 
5-6d 
34-5h 


3 -em 

66  Oh 


01 81 5  ,  '"Lu  6  70d 

I  ; 

0 1816  I  "«Re  64  Oh 

01817  »»"nTe  30h 


2-346d 


12h 


0  1820         «»«Tb         '        5-6d 
0  182  '"Xc  19-5h 


"Th  (/l,y) 

""Yb  (a,3/i) 
i"Lu  ip,5n) 
"*Re(/»,4/i) 


"'Kr(/,,y) 
'•Se  {a,n) 
'•Br  {d,2n) 

'"Kr  {d,p) 
»"Gd  (/I,y) 
•"Mo  («,y) 
•«Zr  (a,/7) 

»«Mo  {d,p) 
I'-Mo  (n,ln) 
"OMO  (y,/l) 
""U  («,/) 
'••Tm  (a,/i) 
>'*Yb(p,n) 
""Ta  (a,3/i) 
'«W  {p,n) 
'"^W  (J,2ai) 
""Te  (w,y) 
"Te  (</,/7) 

""U  (</,«) 
"•U  (a,p2«) 

"'Np  {a,2n) 
"•Pu  (a/») 
"•Pu  id^ln) 
"•Pu  (a,p3/i) 

'"I  (p,6/i) 


3  03 
97-40 
3707 


0-354 

902 
50-52 
50-52 

0-354 
21-9 

23-75 

2-80 
23-75 

9-62 

9-62 

100 
21-82 
99-9877 
26-4 
26-4 
34-49 
34-49 

99-276: 
99-276J 


100 


•  Pile  Neutron* 
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35  ±  10* 


-0-06 


Weak 


20  ±  0-5 


0-8  ±  0-3 
0-45  ±  010 


6-2% 


<8mb 

0-44% 


X  Naturally  Active 


p208po 

D"^U(AcU) 
P"iPa 

P(8-5d) 

D'oSe 
P(13h)»«*Re 


pieijb 
P»»niTc 


D"«Hf 


puije 
D»"Sb 

D"»U 
P"»Pu 
D"'Am 


pitt] 


y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

0-182 

"Cu 

58-5h 

••Cu  (/l,y) 

t 

130  ±  40* 

•'Zn  (n,p) 

4  11 

"ZxiiY,p) 

18  56 

0  1825 

157£)y 

8  2h 

0-183 

ioijc 

14-Om 

^••Mo  id,n) 
"»Ru  (y,p) 

9  62 
31  5 

D">Mo 

0-184 

"•Ho 

>30y 

0  184 

""Ac 

6  13h 

"»AC  (/f,y) 

520  i  50 

D"»Ra 

(MsTh.) 

(MsTh.) 

P"Th 

(RdTh) 

0184 

*»-Th(Io) 

8  0  X  lO^y 

l-4xl0-» 

D»"U(U„) 

P"^Ra 

D"«Pa 

01841 

"•Bi 

6*4d 

"•Tl  (a,3/l) 

"•Pb  (d,2n) 
"'Pb  (d,3n) 

7050 

251 

21-7 

D»»*Po 
D"»At 

01845 

"Ga 

77-9h 

••Zn  id,n) 
•»Zn  (pji) 

27-81 
411 

D"Ge 

0  1846 

'"Tm 

85d 

"»Ho  (a,ll) 
"•Er  (p,«) 
'••Tm  (/i,2n) 

100 

27  07 
100 

0-1847 

'••Tm 

7-7h 

"»Ho  (a,3/l) 
"•Er  (/>,/!) 

100 
33-41 

D"«Yb 

0-1848 

i"Ho 

67m 

"Tb  (a./l) 
"»Dy(p,/i) 
"«Dy  {d,2n) 

100 

25-53 
25-53 

0-185 

"•Ac 

29h 

D"«Pa 
P"«Th 

0185 

"•Pa 

22h 

D"«U 
P"«Ac 
P"»Th 

(RdTh) 

0-185 

"*U(AcU) 

7  1  X  10«y 

"*U  (n,y) 

0-0056: 

90  ±30 

55 

P"»Th(UY) 

0-186 

loijc 

14  0m 

"«Mo  {d,n) 
"«Ru  (y./>) 

9  62 
31-5 

D>«»Mo 

0-186 

••Ge 

--ISOm 

P«^Ga 

0186 

"•Ra 

1622y 

D»»«Th(Io) 
P»"Rn(Rn) 

0-186 

i.oir 

3-2h 

»'RC  (a,/l) 
"•Os  id,n) 
^•K>s  (d,2n) 

6293 

16-1 

26-4 

pitomQs 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
(Afer) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0  186 

IMJf 

lid 

^"Re  (a,n) 
"•Os  (d,2n) 
^»*Ir  in,2n) 

62-93 

26-4 

38-5 

01861 

i"Au 

15-8h 

i»4r  (a,2n) 
^"^Pt  id,n) 
"*Pt  (d,3n) 

38-5 
0-78 
32-9 

8-9 

£)i»3mHg 

pi93pt 

0  1865 

"»Bi 

12-3h 

p203p5 

pzosmpjj 

D208po 

D-»^At 

01865 

i..Hg 

--611 

Di93mHg 

0  187 

>"Xe 

18 -Oh 

i''*Xe  (/J,y) 

2-46 
0-096 

v/ 

pi25I 

Di"Cs 

0  187 

»*«Bk 

4-5h 

-"Am  (a,2n) 
-"Cm  (^,w) 

t 
t 

P"«Cm 

0-187 

"•Ac 

lOOd 

D"^Ra 

P"'Fr 

D"»Pa 

01 87 

iMfnQs 

9-5m 

D(3-2h)i»»Ir 

01875 

'•»Au 

15-8h 

•"Ir  (a,2n) 
"^Pt  (c^,3w) 

38-5 
0-78 
32-9 

Di"Hg 

Disam^g 
pi.spt 

0  1875 

i.7jr 

13h 

"^Re  (a,2/j) 

37-07 
13-3 

0188 

•«»Rb 

6-3h 

^•Br  (a,n) 

50-52 

0  188 

iMmpd 

4-75m 

"»Pd  //,2/z) 

11-8 

0  188 

"•Nd 

20h 

»*«Nd  (n,y) 
'^«Nd  (</,p) 
'^'Nd  (a?,2«) 

5-72 
5-72 
5-60 

3-7  ±  1-2 

pu.pna 

0  188 

"•Cm 

2-9h 

^»»Pu  (a,4/l) 

t 

0  1895 

'"Re 

64-Oh 

>"Ta  (a,3/i) 

99-9877 

26-4 

26-4 

0190 

u«iin 

500d 

"Mn  (/i,y) 

"*In(J,p) 

"*Cd(p,/j) 

"»Cd(^,n) 

"Mn  (y,/j) 

•'Mn(/j,2/j) 

4-23 
4-23 
28-86 
12-26 
95-77 
95-77 

56  ±  12 

P"*In 

0190 

»"Rh 

5y 

'""Ru  (d,n) 

""Ru(d,2n) 

>"Ru(p^) 

12-7 
170 
170 

•  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
{MevY 

Nuclide 

1       Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

1       Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent          Radioactive 
Abundance  of        Parent  or 
y-Radtation       Daughter  of 

019 

"'Sb 

1       88h 

"*U(/i./) 

o<m% 

P"Tc(84%) 

pitTiny^ 

(16%) 
D"»Sn 

0191 

"iMo 

1461m 

"••Mo  (n.y) 
"•*Mo(</./?) 

9-62 
962 

0  20  ±005 

P"'Tc 

0191 

-Kr 

2-77h 

"Kr(«,y) 

t 

<600 

P"Rb 
D^«Br 

0191 

"Fe 

45  Id 

"Fe(/i.y) 
"Co  {n,p) 
''Fcidj,) 

031 
100 
031 

0  98  ±  010 

28 

0191 

'"Pt 

18h 

»-Pt  (n.y) 
"•Pt  id,p) 
"'Pt  (y./f) 
"•Pt  (/i,2/f) 
•••Hg  (/!.«) 

23-2 
25-2 
719 
719 
2313 

0  8  ±  01 

0191 

I'oRe 

2-8m 

01913 

»«sRe 

64  Oh 

""Ta  (a,3/i) 
'"W(p^) 
"•W  (J,2n) 

999877 

264 

264 

01918 

»"Hg 

6Sh 

••»Au  W,2/i) 
"•Hg  (/i,2fl) 

100 
10O2 

D""nHg 
D  (2-8h) 

"Tl 

01922 

i.xTb 

19h 

01926 

i«.ja 

50d 

"'la  (/l.y) 
"»W  {n,p) 
'-W  (y.p) 

t 
144 
306 

17000  ±  2000* 

01926 

'"Re 

71d 

"'Ta  (a.2n) 
^"W(An) 

"«W  (£/,/!) 

999877 

144 

26-4 

D"*Os 

0193 

""™Kr 

13s 

"Br  (p./!) 

49-48 

D^'Rb 

0  193 

"•Cs 

32-2m 

"•Ba  inj>) 

"»CS(/I.y) 

7166 

t 

<2 

08 

D"^Xc 

Descendant 
"•I 

0  1935 

'^•Lu 

l-7d 

"•Tm  (a,3/i) 

100 

01 948 

'••Tm 

7-7h 

"»Ho  (a,3/l) 
"•Er(p,/i) 

100 
3341 

D"«Yb 

01950 

"•At 

5-5h 

•••Bi  (a,4/l) 

100 

P»»Po 
P»»»Bi 
D«»»Rn 

0195(?) 

'"Er 

31h 

P"'Ho 

0195          ' 

-"Th 

22  12m 

"TTl  (/I,y) 

lOO: 

7-33  ±  012 

0-3 

P»"Pa 

\ 

"*Th  ( J,/») 

lOO: 

0195 

1.8T1 

5-3h 

*PUe 

Meutrons 

t  Artificially 

Active 

+  Naturally  Active 
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y-Energy 
{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cenr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

01952 

issjb 

62h 

i"Eu  {a,2n) 

Ain 

pi58Gd 

0  196 

iiwnxe 

8-Od 

"«Xe  {n,y) 

1-919 

<5 

0-1965 

iMmHo 

5-Oh 

D"»Er 

0197 

"Tb 

72-3d 

"Tb(/I,y) 
""Gd  {d,ln) 

100 
21-9 

>22 

0197 

iwpt 

31m 

"«Pt  (/l,y) 

l»»pt  {d,p) 

"^Hg(/7,a) 

7-19 

719 

29-80 

3-9  ±  0-8 

01971 

»«»Os 

135h 

"*Re  ipM) 

3707 

pissRe 

0  1980 

i..Yb 

31-8d 

"»Yb  {n,y) 
"»Tm  (^,2/1) 

0140 
100 

11000  ±  3000* 

D"»Lu 

0198 

"•Nd 

20h 

"«Nd  (/l,y) 
»"Nd  (^,/7) 
"•>Nd  {n,ln) 

5-72 
5-72 
5-60 

3-7  ±  1-2 

P"»Pm 

0  1982 

"TSld 

ll-06d 

^"Nd  (/Z,y) 
"•Nd  (^,/>) 
»"U(n./) 

17-18 
17-18 

1-8  ±0-6 

2-6% 

P"'Pm 

0  1983 

"Ta 

1151d 

"Ta  (//,y) 

99-9877 
99-9877 
26-4 

19  ±7 

01983 

'"Re 

64  Oh 

"^Ta  (a,3/i) 

"*W(/7,/j) 

"*W  {d,2n) 

99-9877 

26-4 

26-4 

0  1987 

'•Tm 

SSd 

"»Ho  (a,/l) 
"»Er  (/7,/i) 
"•Tm  {n,2n) 

100 
27-07 
100 

0199 

'»Se 

121d 

'*Se(/7,y) 

"As  (^,2/i) 
"As  {p,n) 

0-87 
100 
100 

26  ±6 

0199 

»«^b 

5-8d 

"»Sn  W2n) 
'*'Sb  {d,p2n) 

32-97 
57-25 

• 

0199 

'Hje 

82m 

'*Ge  (/i,y) 
"Ge  (J,p) 
"Ge  (/i,2n) 
"As(/T,p) 

36.74 
36-74 
7-67 
100 

0-21  ±008 

01992 

^••Eu 

15  4d 

>"Eu(«,y) 

t 

14000  ±4000* 
0013% 

D'"Sm 

01994 

»»m> 

5-6d 

0200 

»»o 

29-48 

••0(/.,y) 

0-204 
100 

0-21  ±0  04mb 

0200 

"'Np 

2-20  X  10^ 

0-3 

pti.pa 

0200 

mflk 

i        44h 

»*'Am  (a^) 

t 

1 

P"«Cm 

^-0-200 

"•U(AcU) 

'   7  1   X  10«y 

"♦U  (/l.y) 

0-0056t 

90  ±  30 

>4 

P"'Th(UY) 

•  Pile  Neutron* 


t  Artificially  Aaivc 


\  Naturally  Active 
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y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

1 

Per  Cent 

Abundance  of 

Relevant 

Stable 

'       Isotope 

Thermal  Neutron                           < 

Activation              Per  Ctmt     \     Radioactwe 
Cross  Section       Abwndamc*  of  \       Parent  or 

{Bams)  or            y-i^ddlMlMn        Daughter  of 
Fission  Yield                               1 
!                              1 

0200 

"Th 

7340y 

"Th  (/l,y) 

123  ±  15*                           D»»U 

P"»Ra 

020 

'••Ho 

28m 

«»»Tb  (a,3/i) 

100 

020 

"«Pt 

10-Od 

piMir 
D»»*Au 

0-20 

••n'a 

105m 

0-20 

"•Th 

30  9m 

(M 

D«-U 
P"»Ra 
D"«Ac 

0-20(?) 

1.41 

52-5m 

"'U  (n./) 

5-7% 

D»*«Te 

02 

"•"Ta 

8  15h 

»«»Ta  (/i,2n) 
"»Ta  (y^) 
"•W(y,p«) 

99  9877 
999877 
264 

Vary  weak 

02 

"'Eu 

15  4h 

"'U  (/I./) 

7-4  X  10-«% 

0  2013 

"•Ir 

74-37d 

»»>lr  (/l,y) 
"»Ir  (</.p) 
"•Ir  inOn) 
»»«Os  (J.2n) 
"•Pt(y,;7/i) 

385 
385 
615 
410 
329 

700  ±200 

^ 

0  2021 

"•Ta 

8  Oh 

»'»Lu  (a,3/l) 

97  40 

D"^W 

02025 

"•Bi 

64d 

••»T1  (a,3/l) 

•••Pb  (</,2n) 
••»Pb  W,3n) 

7050 

25-1 

21-7 

D»^Po 
D»>»At 

0203 

"•Lu 

2-4  X  10>»y 

0203 

»"Hg 

5 -5m 

•••Hg(/i,y) 
•••Hg(^,;>) 
••»T1  {n,p) 

685 

685 

7050 

0  43  ±0  10 

0-203 

»Te 

9-4h 

"Te  (/i.y) 
"TeW,;>) 

"Te  (/i.2n) 

18-71 
18-71 

31-79 
100 

0  8  ±  0-2 

D'""Te 
D"»Sb 

(84%) 

0-203 

"•Pu 

86-4y 

"•U  (f/,2w) 

«"U  (a,4/l) 
"»U  (a,/l) 

99-276: 

99-276: 

0-720: 

4  X  10-« 

D»"Np 
D"H:m 

0-203 

'"Xe 

36-41  d 

»»Xe  (/i,y) 

"'I  (</.2«) 
"•Te(a^) 

0-090 
100 
100 

4-61 

D*"Cs 

02033 

"Ta 

50d 

^"Ta  (/i,y) 
"•W(n,/?) 

"*W(y^) 

t 
14-4 
306 

17000  ±2000* 

0-2038 

"»Lu 

6-70d 

"•Tm  (a,/i) 
"*Yb  (/7,w) 

100 

21-82 

D"»Hf 

•Pile 

Neutrons 

t  Artificially 
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y-Energy 
(MevY 

Nuclide 

Half-Life 

1 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation         j 
Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

02042 

.smjC 

60d 

»*Mo  id,2n) 
»*Mo  (j),n) 
"Mo  {d,n) 

15-70 

15-70 

912 

02050 

(RdAc) 

1817d 

-- 

D"'Ac 

P^'RaCAcX) 

£)227pa 

0205 

^••In 

4-3h 

"'Ag  (a,2w) 
^••Cd  ia,p) 
'"CdCAy) 

51-35 

1-22 
1-22 
1-22 

Descendant 
^»»Sn 

0205 

"»Sb 

20y 

i"Sn  (d,n) 
"*U(/i,/) 

5-98 

0-023% 

• 

D(9-4d) 

»"Sn 

pitsmJe 

0205 

"Th 
(RdTh) 

1910y 

003 

D*^«Ac 

(MsTh,) 
P"*Ra(ThX) 
D"*U 
D"Ta 

0  2051 

»»»Rc 

71d 

"»Ta  (2w) 
"»W(p,/i) 

99-9877 

14-4 

26-4 

D^^Os 

0-2051 

»"Ta 

50d 

"*Ta  (/7,y) 
"*W  (y,p) 

t 
14-4 
306 

17000  ±  2000* 

02052 

«^o 

5-7h 

"•Pb  (a,3/l) 

25- 1 

D«"Rn 

D"'At 

02054 

iMAu 

4-7h 

»*4r  (a,3/i) 
'"Pt  (^,2«) 

38-5 
0-78 

D"»Hg 

02057 

i.,jr 

74-37d 

'"Ir(/i,y) 
"•Ir  (d,p) 
»*Ir  (/i,2/i) 
"»Os  (d,2n) 
'"Pt(y./>/f) 

38-5 
38-5 
61-5 
410 
32-9 

700  ±200 

02057 

'"Dy 

1      lOh 

0206 

»»mi(Io) 

8-0  X  IO«y 

-5  X  10-* 

D"«U(U„) 

P"*Ra 

D^^Pa 

0206 

"Oa 

77-9h 

"Zn  (</,/;) 
•'Zn  (p,n) 

27-81 
411 

D"Ge 

02079 

"'U 

675d 

i  "'U  (/i,y) 
"•U  (n,2n) 

t 
99-276t 

6  ±1 

24 

P«"Np 
D»«'Pu 

*  Pile  Neutrons 


-f  Artificially  Active 
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I  Naturally  Active 


"^i^r 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  oj 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation  Per  Cent  Radioactiv* 
Cross  Section       Abundance  of        Parent  or 

(Bams)  or  y-Radiation  Daughter  of 
Fission  Yield 

02080 

'••Au 

3  14d 

"•Au  (/l.y) 

t 

26000  ±  1200 

D'^^Pt 

"•Pt  {d,n) 

719 

"•Hg  (/!,/>) 

16  84 

0208 

i«7m£r 

25s 

D'«Tin 

0-208 

'"Ta 

53h 

"•Lu  (a,2n) 
"•Lu  («,3n) 
'"Hf(/»,/i) 

97  40 

260 

18  56 

D"^ 

0-208 

"'Eu 

24d 

"»Sm  {d,2n) 
'"Sm  (</,3/i) 

15  07 
15  07 
11  27 

D»"Gd 

0208 

»»iPm 

27-5h 

D'»»Nd 

0-2081 

1..X1 

7-4h 

»»»Au  (a,2«) 
'••Hg  (d,2n) 

100 

16-84 

D'^^Pb 

02082 

'"Re 

64  Oh 

'"Ta  (a,3n) 
'"W(/»,/i) 
»"W  ((/.2w) 

99-9877 

264 

264 

02084 

'"Lu 

675d 

"•Lu  (/I,y) 
'"Lu  {d,p) 

2-60 
2-60 

4000  ±  800 

D'"Yb 

02086 

"Kr 

34-5h 

"Kr(n.y) 

"Se  (a,/f) 

"Br  (</,2/i) 
"Br  (;>,/») 
"Kr(^./>) 

0354 
9-02 

50-52 
5052 
0354 

20  ±  0  5 

0-2088 

'"Re 

71d 

>"Ta  (a,2/i) 

999877 

14-4 

26-4 

D'*»Os 

0-2088 

>"Ta 

5  0d 

'•*Ta  (w,y) 

'"W  (/!,/)) 

'"W(y,/;) 

t 
14-4 
306 

17000  ±2000* 

0-2093 

iMRe 

640h 

'"Ta  («,3i») 
'"W(p./i) 
'"W  (r/,2/;) 

99-9877 

264 

26-4 

02099 

"•Np 

2-346d 

"*U  {d,n) 
"•U  (a,;72/l) 

99-276: 
99-276: 

D"«U 
P"^Pu 
D"»Am 

0-2099 

*"Am 

12h 

w^Np  (a,2/l) 
"•Pu  ip,n) 
"•Pu  (^,2n) 

"•Pu  (a,/73/l) 

t 
t 
t 
t 

02099 

'"Re 

71d 

'•'Ta  («,2«) 

'"W07,/l) 

'••W  {d,n) 

99-9877 

14-4 

26-4 

D'«*Os 

*  Pile  Neutrons 
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v-Energy 
{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Ccnr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-2099 

"*Ta 

5  0d 

"»W  in,p) 
"*W(y,/;) 

t 
14-4 
30-6 

17000  ±  2000* 

0  210 

i07mp^ 

21 -3s 

0-210 

i«il 

20h 

i"Sb  (a,4/l) 

57-25 

pi«Xe 

0210 

"»Cm 

35y 

"H:m  (/i,y) 

t 

20  ±  10* 

D"»Bk 

0-210 

»"Am 

458y 

D«"Pu 

0-210 

1..I 

86s 

*«U(/i,/) 

3-1% 

0-21 

7t  somQj. 

5-Os 

0-21(?) 

"*Re 

50d 

i"Ta  (a,/i) 

"«W  («,/7/l) 

"«W(/7,/i) 
i"W  (c?,/i) 
"*Re  {n,2n) 

99-9877 

26-4 

30-6 

14-4 

37-07 

'■y 

1 

0-21 

i"Ta 

8 -711 

'^*W(n,p) 

30-6 

0-21 

"•Te 

72m 

"Te  id,p) 
"Te  (/7,2/i) 
"Te  (y,n) 

31-79 
31-79 
34-49 
34-49 

013  ±  0-03 

D"»™Te 
D"»Sb 

0-21 

iMmje 

33-5d 

"Te  (/7,y) 
"»Te  in,2n) 

31-79 
31-79 
34-49 

15  ±  5mb 
019% 

P"»Te 

021 

•«Y 

3-60h 

"Zr(/i,p) 
•«Zr  id,a) 

17-11 
17-40 

D"Sr 

0  21 

"Zn 

245d 

•«Zn  (/I,y) 
"Zn  (</,/?) 
"Cu  (p,n) 
"Cu  (^,2/i) 

48-89 
48-89 
309 
30-9 

0-44  ±  0-05 

D"Ga 

02106 

»"Er 

7-8h 

"'•Er(«,y) 

14-88 

9  ±2 

P"»Tm 

a2n 

"•Nd 

20h 

»"Nd  (/I,y) 
"•Nd  (J,^) 
"•Nd  (/i,2/i) 

5-72 
5-72 
5-60 

3-7  ±  1-2 

P"»Pm 

0  212 

"Th 
(RdTh) 

1910y 

0-27 

(MsTh.) 
P»"Ra(ThX) 
D»»U 
D"»Pa 

02122 

"Tb 

62h 

"•Eu  (a.2«) 

47-77 

P»»Gd 

0  213 

"Gc 

11  3h 

'•Gc(/l,y) 
'•GcW/7) 

7-67 

7-67 

49-82 

80  h  20mb 
3-7  X  10-»% 

P"As 
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^  Naturally  Active 


i     Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation              Per  Cent          Radioactive 

Y-Energy 

(MevY 

Some  Modes 

Relevant 

Nuclide 

Half-Life 

of  Formation 

Statu 

{Betms)  or         1  y-RadiatioH  '     Daughter  of 

1 

Isotope 

Fission  Yield 

!                           1 

0-2134 

t04Bi 

11 -6h 

"*Pb  (J,2/i) 

140 

1                          j    P»««»Pb 

•••n  («.3/i) 

29  50 

D»^Po 

02137 

"Ta 

21h 

"•Lu  (a,n) 

97-40 
27-1 

piT.mHf 

0-2137 

"»™Hf 

4-8s 

D(2  1h) 

t»«Ta 

0214 

'"Sb 

20y 

'"Sn  (d,n) 
•"U(/i./) 

598 

0023% 

D  (9  4d) 

'"Sn 

pittorpg 

0-214 

iniu'ig 

154d 

'••Sn  (a,n) 
"'Sb  id,2n) 
»"Sb  (p,n) 

2401 
57-25 
57-25 

P«"Te 

02144 

'"Re 

64  Oh 

»"Ta  (a,3/i) 
"•W(p,/f) 
"»W  (d,2n) 

99  9877 

264 

264 

0215 

"•Pu 

1085d 

»"Pu  (/I.y) 

t 

260  ±  150* 

P"*Ani 

0-215 

"»Fr 
(AcK) 

22m 

3 

D«"Ac 

P"»Ra 

(AcX) 
P»»»At 

0-215 

"•"Ge 

54s 

'•Gc  (n.y) 

7-67 

80  ±20mb 

F'As 

0-215 

»"Te 

9-4h 

"Te  (/»,y) 
"•Te  (d,p) 

"Te  (/»,2n) 

18-71 
1871 

31-79 
100 

0  8  ±  0-2 

D"'™Te 

(84%) 

0-215 

"»Au 

3  Oh 

"»Ir  (a,4n) 
»"Pt  (</,3/i) 

38-5 
0-78 

pi.ipt 
D"»Hg 

0-215 

i.omjjo 

5  Oh 

' 

D'**Et 

02154 

"•Tm 

7-7h 

"»Ho  (a,3«) 

100 

33-41 

D'««Yb 

0-2157 

i"Re 

64-Oh 

"iTa  (a,3/?) 
"«WO>,n) 
"»W  (</,2n) 

99-9877 

26-4 

26-4 

02160 

io«Bj 

11 -6h 

"*Pb  (</,2/i) 
«»»T1  (a,3n) 

140 
29  50 

pMunpi, 

D"*Po 

0-216 

isompjf 

5-5h 

"•Hf  (/t.y) 

13-75 

0-216 

1.0T5 

72-3d 

"Tb(/I,y) 

"•Gd  id,2n) 

100 
219 

>22 

0216 

1 
! 

1 

"Mb 

23-35h 

"Zr(An) 
"Mo  (^,a) 

2-80 

23-75 

7 

•PUe 

Neutrons 

t  Artificially 

Active 

X  Naturally  Active 

63 

\ 

y-Energy 


Nuclide 


Half-Uft 


Some  Modes 
of  Formation 


Per  Cent     \   Thermal  Neutron 
Abundance  of  Activation         \     Per  Cent 

Relevant     j      Cross  Section       Abundance  of 
Stable  (Bams)  or  y-Radiation 

Isotope       I      Fission  Yield 


Radioactive 

Parent  or 
Daughter  of 


0216 


0216 
02161 


0217 


0  217 
0  217 

0-2173 


0218 
0-2181 

0219 

02191 

a2193 
022 

022 

0-220 

0-22 

022 

0220 


'Fr 


'»'Ba 


«Ac 


"•"Hf 
'•Kr 


»La 


•Bi 


•••Tm 
•••Ag 


'•'In 

"Kr 
"Mn 


'•*Rh 


48m 


11 -Sd 

2-88d 


2-9h 


29h 
19s 
34-5h 


»>Th(UY)!      25  64h 

i 

"""Au  3 -98 


195h 


11  6h 

29h 
8-2d 


30m 

22  4h 
1  7m 
43d 


130m 


»"Ba  in,y) 
••Ru  (n,y) 

••Ru  (d,p) 

"Ru  (/r,2n) 
"Ru  (y,n) 
•♦Mo  (a,n) 


"Kr(n,y) 
"Se  (a,n) 
"Br  id,2n) 
"Br  (p,n) 
'•Kr  id,p) 
"<Th  («,y) 


"«Cs  (a,2/t) 
"♦Ba  id,n) 
"•Ba(/»,n) 
»"Pb  (d,2n) 
"•«n  (a,3n) 

"»Rh  («,«) 
'"Pd  id,n) 
•••Pd  (/>,n) 
"'Ag  (n,2n) 
>»H:d(p,y) 
'••Cd  (</,/?) 
**Ar  («./;) 

"'Pa  (</,2/») 
"Ta  (a,/>3w) 
"Th  (a,5/i) 


1-91 
1  91 
912 


0-354 
902 
50-52 
50-52 

0354 

+ 


100 

2-42 

659 

1-40 

29  50 

100 

22-2 

27-3 

51-35 
1-22 
1-22 

99-600 


: 

: 

loo: 


14 


0  101  10  ±  1 

5  57  0-21  ±002 


5-57 


20  ±  0  5 


35  ±  10* 


Strong 


0-05 


Weak 


D«"Ac 

P"'At 

D"iRn 

pi"Cs 

(0-04%) 
P»Tc 

(99-96%) 
D"Rh 


D«"Pa 

p220pj. 

P"*Ra(ThX) 

puTgu 


D"^U(AcU) 
p2sipa 

pissmpf 
(0  03%) 

Di.smHg 

D"K::e 


p204mpjj 

D"*Po 
P"»Er 


p"nrh 

piiipa 


*PUc  Ncutrofu 


t  Artiiicially  Active 

64 


I  Naturally  Active 


y-Energy 

(Mev) 


Nuclide 


Half-Ufe 


Seme  Modes 
of  Formation 


Per  Cent 

■  Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


PerCetu 
AbuHdamceof 
y-Radiation 


Pmramt  or 
Diuighttr  of 


Olid) 

022 

022 

0121?) 

0-2210 

0-2219 

02219 
02220 

02221 


0  2221 


02225 
0-2227 

0224 


0-2240 
0225 

0225 
0226 


0-226 
0-2261 


02264 


ifTinpu 

"To 
>"Re 


•Ta 


"To 


•Pa 


'Po 


"«Pa 
(UX.) 


»Sr 


•Nd 


•Np 


52m 
13  9m 
22m 
5  5  X  10-«8 

S-6d 
116h 

42m 
57h 

64  Oh 


ll51d 


054s 
5-7h 

22h 


5-7h 


70m 


2-Oh 


29h 
64<Ni 


2346d 


""Ta  (/7,3/i) 


••m  (a,3ll) 

•^Pb  (a.3n) 

"»Ta  (a,3/i) 
»»W(;,^) 
»««W  (d,2n) 
>"Ta  in,Y) 
»"Ta  (dj>) 
>"W(«^) 

«^Pb  (a.3/l) 


•Pb  (a,3/l) 


6  66h         »"Pa  (/i,y) 


•*Sr  (n.y) 
"Rb  ip,n) 
•*Rb  (d,2n) 
"•Nd  (n,y) 
"•Nd  id,p) 
"•Nd  (/i,2/i) 

"Ta  (a,3/i) 
»«W(p^) 
"«W  (rf,2n) 
"•U  (d,n) 
"•U  (a,p2n) 


99  9877 


140 
29  50 

251 

99  9877 

264 

264 

99  9877 

99-9877 

264 

251 


251 

t 


056 
72  15 
72  15 

5-72 

5-72 

560 

999877 

264 

26-4 

99276: 

99276* 


19  ±7 


23  ±4 


<1 


3  7  ±  1-2 


P"«Pr 
p»"Cfe 


ptMinpb 

D»^Po 

D»"Rn 
D""At 


D«"Rn 

D*^At 

D*»HJ 

P«»«Ac 

P»"Th 

(RdTh) 
D«»Rii 
I>*'At 
P-U(U„) 

D»»*Pa 

(UX.) 
D»*Th(UXi) 
(0-63  %) 


F"Pm 


P"'Eu 


D«»»U 
P*»«Pu 
D»"Am 


•  Pile  Neutrons 


t  Artifidally  Active 

6S 


X  Nattirally  Active 


Y-Energy 
{Mev) 

Nuclide. 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cenr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-2265 

"•Am 

12h 

"^Np  {a,2n) 
"•Pu  {p,n) 
"»Pu  {d,2n) 
"•Pu  (a,/?3//) 

t 
t 
t 

0-227 

"•Re 

18m 

0-2270 

i»Dy 

lOh 

0-227 

"*Ag 

21-lm 

"•Cd(y,/7) 

7-58 

Weak 

P"*Cd(91%) 

pii5mcd(9o/) 

0-2275 

»"Bi 

neh 

^o^Pb  {d,2n) 
"»n  (a,3«) 

140 
29-50 

p204mp^ 

J)204po 

0-228 

*«Cm 

35y 

*«Cm  («,y) 

t 

20  ±  10* 

D^"Bk: 

0-2283 

"•Am 

12h 

"^Np  (a,2/l) 

"»Pu  (^,2/i) 
"•Pu  («,/73n) 

t 
t 
t 
t 

^    / 

0-2284 

"•Np 

2-346d 

"«U  (c/,/i) 
*"U(a,p2n) 

99-276t 
99-276t 

P23»PU 

D^'Am 

0229 

^"Cs 

32-2m 

""Ba  (n,p) 

71-66 

1-6 

D"«Xe 

"'Cs(n,y) 

t 

<2 

Descendant 

138J 

D"*Os 

02293 

»«Re 

12-7h 

"iTa  (a,3n) 

99-9877 

"*W  {p,ri) 

26-4 

"*W  (c/,2//) 

26-4 

02293 

"»Rc 

64  Oh 

"»Ta  (a,3/i) 
"*W(a/2) 
"*W  (J,2/i) 

99-9877 

26-4 

26-4 

0-2293 

"Ta 

115-ld 

>"Ta  {n,y) 

99-9877 
99-9877 
26-4 

19  ±7 

02295 

"'Gd 

29h 

P"'Eu 

022% 

"»Hf 

70d 

"*Hf(«.y) 
"»Lu  {d,2n) 

"•Lu  (/7,/l) 

0163 
97-40 
97-40 

0230 

"•Cd 

53h 

"♦Cd  in,y) 
"«Cd  (</,p) 

"•Cd  (/i.2«) 

28-86 
28-86 

7-58 

11  ±03 
0  011% 

piismin 

D^'Ag 

(91%) 

0230 

•••Sn 

94d 

'««Sn  (/J,y) 
»«Sn  (//,p) 

5-98 
598 

4  ±2mb 
0012% 

P'»Sb 

0^23 

»"Ba 

97m 

P"«Cs 

*  Pile  Neutfoo* 


t  Artificially  Aaivc 

66 


X  Naturally  Active 


Per  Cent 

Thermal  Neutron 

'  Abundance  oj 

Activation              Per  Cent          Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section       Abundance  of        Parent  or 

{Mev) 

Nuclide 

Half-Uft 

of  Formation 

i 

1        Stable 
Isotope 

(Bams)  or         1  y-iSodliaruTfi        Daughter  of 
1       Fission  Yield      | 

0230 

1  "*mpa 

1  175m 

"»Pa  (/I,y) 

t 

43  ±5 

D»*Th(UXi) 
i  P»*U(U,i) 

P»"Pa(UZ) 

0230 

"*Am 

198h 

D»*»Pu 

0-23 

"As 

15m 

!  P«»Ge 

0-23 

"Sr 

2-60h 

"^U(n./) 

5-0%         !                     P**Y 

0-23 

'•«Re 

50d 

>*Ta  (a^) 

999877 

-04 

'•»W  (a^ph) 

264 

»«WO>./i) 

306 

"•W  (d,n) 

144 

'••Re  (/i,2w) 

!     3707 

02303 

"•Ac 

29h 

j 

D«-P» 

P»«Th 

0-231 

"«Te 

77-7h 

*''\i{nj) 

4-4% 

pi..] 
D"«Sb 

0-231 

••Zr 

65d 

•«Zr(/..y) 

**Zr  (d,p) 

•"U(/i./) 

17  40 
17  40 

0O9  ±  0O3 
60% 

P"Nb 
P~»Nb 

0  231 

•••"Nb 

90h 

D"Zr 

P~Nb 

0-231 

'•»Au 

158h 

"4r  (a.27l) 

»»*Pt  (^,/i) 
'••Ft  (</,3«) 

385 
078 
32-9 

0-55 

D»»»Hg 

Di..mHg 

piMpt 

0232 

"•U 

208d 

•••Th  ia,6n) 
"'Pa  (</,3/i) 
"»Pa  (aj>4n) 

loo: 

♦ 

: 

024 

D»»«Pa 
D»»*Pu 
P«"Th 

0232 

"•Ac 

(MsTh.) 

6  13h 

»»'Ac  (n.y) 

520  ±50 

D"»Ra 

(MsTh.) 
P"TTi 
(RdTh) 

0-232 

•"Rn 

16h 

•••Bi  (a,2w) 

100 

P«»At 
P»»'Po 

0-232 

"•Ce 

33h 

"•Ce(/..y) 
"*U(/i,/) 

1107 
1107 

0-95  ±  0O5 
5-4% 

D'"La 
P"»Pr 
Descendant 
'"Xc 

0-232 

"»Pm 

27-5h 

D»'Nd 

0-233 

issmxe 

2-3d 

»«Xe(/f.y) 

26-89 

D»»l(2  4%) 

0-233 

Mmsr 

70m 

"Sr(/T,y) 

"RbCA") 
»Rb  (</,2n)      1 

056 
7215 
7215 

<1 

02334 

"H3s 

93  6d 

"*Os  in,Y)         \ 

0  018 

<200 

1 

i»Re  (/),/i)        ! 

37-07 

! 

• 

'"Re  (f/,2/i) 

3707 

*PUe 

Meucrons 

t  Artifidally 

Active 

X  NatunUy  A 

icrive 

67 


y-Energy 
(Mev) 


Nuclide 


0  234  "*Np 


0  2340  »»-™Pb 

0-2342  »^U 

0-2343  "«Bi 


0235 
0235 


0-235 

0-235 
02353 


02359 


0237 


0-238 


Half-Ufe 


Some  Modes 
of  Formation 


440ci 


42m 
6-75d 

6-4d 


0  2346  "Til  18-17d 

(RdAc) 


i»»Tc 

'•*Ta 
"•Pb 


195h 
80  X  10*y 


14  0m 


»Bi 


02361  "TTi 


(RdAc) 


0  2362  '"Os 


'Br 


•Nb 


50m 
21 -511 


14-5d 


1817d 


13  5h 

57h 


2335h 


0  2386         »'*Pb  10  64h 

(ThB) 


"^U  (^,3n) 
"''U  (a,/?4/;) 
»^U(/7,2/7) 
"»U  {d,n) 

"''U  (a,;72/7) 

"«U  («,y) 
"«U  (7i,2«) 
*»*T1  (a,3/l) 
^"•Pb  {d,ln) 
"Tb  (f/,3/i) 


>"I(p,6/i) 


i«»Mo  (r/,/i) 
i^^Ru  (y,p) 
"•W  {y,p) 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


0-720: 
0-720J 
0-720: 

+ 

t 

t 
99-276: 
70-50 
251 
21-7 


100 


9-62 
31-5 
28-4 


«Re(;7,3/») 

37  07 

'•Se  {d,n) 

902 

"As  (a,2/l) 

100 

'*Se  («,p) 

0-87 

"Zr(p,/i) 

2-80 

"Mo  {d,a) 

23-75 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


6  ±  1 


--5  X  10-« 


Radioactive 

Parent  or 

Daughter  of 


10 


D"*Pu 


p237]S[p 

D"'Pu 

Dsoepo 

D^'ioAt 

D^'Ac 

P"»Ra(AcX) 
D"'Pa 

pii2J 

D"*U(U„) 

P"«Ra 
D28opa 

D^"Mo 


piooyj 
£)200Bi 

D*«*Po 

J)206po 

D'-o^At 

D"'Ac 

P^^RaCAcX) 

D"'Pa 

D"'U 
pi8»Re 

p77mSe 


D"*Po 


P"»Bi 


(ThA) 
(ThQ 


*  Pile  Ncutroiu 


1  Artificially  Active 
68 


\  Naturally  Active 


y-Energy 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 
\  Abundance  of 

Relevant 
\        Stable 
Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(JBams)  or 

Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
y-RadiatioH       Daughter  d/ 


0-239 
0-239 

0-2397 
0240 


0-240 

0240 
0-24 
0-2403 
0-2404 

02405 

0-241 1(?) 


0-2433 
0-2410 


0-241 
0-241 
0-2411 
0-2419 


0-242 


0-243 


0-243 


'»»Ba 

"•Tb 
"'Sb 


>*»Nd 

"•Pm 
i««Ta 

i..Yb 

••*Bi 

i"Re 


'"Tm 
"♦Ra 
(ThX) 


"Zr 

"♦Pb 
(RaB) 


21 


•Th 


*Ag 


»Xe 


ll-5d 
23m 

5-6d 

88h 


2-Oh 

27-5h 
87h 
362h 

31  8d 

116h 

50d 


29h 
364d 


17h 

29h 
3-62h 
26-8m 


30  9m 


7-6d 


18  Oh 


■••BaC/i.y) 
"Br  (a,/i) 
"Rb  (/i,2/i) 

"*U(/f/) 


>"Nd  in,y) 
»"Nd  (rf,p) 
•"Nd  (/i,2n) 

'"W(«j») 

'••Yb(/i.y) 
'••Tm  {d,2n) 
»"Pb  {d,2n) 
•••n  (a,3ll) 
>"Ta  (a^) 

»"Re  {n,2n) 
">Ra(ii.y) 


"•Pd  {d,n) 

»"Cd  (/!,/») 

"«Cd(y,/>) 
"*U  (/I,/) 
'-*Te  (a,/i) 
'**Xe  (n,y) 


0101 
4948 
72-15 


5-72 
5-72 
5  60 

306 

0140 
100 

140 
29  50 
99  9877 
264 
306 
14-4 
37-07 


11  8 

1275 

24-07 

2-46 
0096 


10  ±  1 


0094% 


3-7  ±  1-2 


11000  ±3000* 


130  ±  20* 


0-018% 


12 


p»»k:s 


P»»Te 

(84%) 
P»*'"*Te 

(16%) 
D'"Sn 
P»"Pm 


D»"Nd 


D»*Lu 

P*»*"Pb 
D»^Po 


P»"Er 

D"Th 

(RdTh) 

P*»«Rn(Tn) 

D«*Ac 
pwy 

p»"Eu 

D"*Po 

(RaA) 
P»"Bi(RaC) 
D«»*U 
P"»Ra 
D»»*Ac 
D»"Pd 

Qiumpd 


pmj 


*  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


69 


y-Energy 
{Mev) 

'      Nuclide 

'      Half-Ufe 

i 

Some  Modes 
of  Formation 

Per  Cent 
1  Abundance  of 

Relevant 
i        SroA/e 
Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0244 

»"Gd 

1 

i        9-3d 

"'Sm  (a,2n) 
'"Eu  0,3/i) 

15-07 
47-77 

0-244 

j  "H3d 

150d 

i"Eu  {d,2n) 

Alll 

0-2443 

iMRe 

!      71d 

i 

i"Ta  (a,2n) 

»»W(/7,/l) 

99-9877 

14-4 

26-4 

' 

Di"Os 

0-2443 

iMTa 

1        50d 

"^Ta  {n,y) 
"*W  (y,/>) 

t 
14-4 

30-6 

17000  ±  2000* 

02450 

"•Ir 

lid 

D"»Pt 

pi89inQ5 

0245 

"•Am 

25-Om 

P"«Cm 
D*"Pu 

0245 

"•Np 

60m 

"»Np  (/i,y) 

t 

25  ±  15* 

0-245 

"As 

38-7h 

*"U(/j,/) 

Ibl 

91  X  10-»% 

2-5 

D"Ge 
D"™Ge 

02453 

»"Re 

71d 

»»Ta  (a,2/i) 

"'•WO?,/!) 

"*W  {d,ri) 

99-9877 

14-4 

26-4 

D^'KDs 

02453 

»«Eu 

12-7y 

02460 

""At 

8-3h 

"•Bi  (a,3/i) 

100 

p210po 

pw'Bi 

0246 

IMpt 

31m 

'""Pt  («,y) 

719 

7-19 

29-80 

3-9  ±  0-8 

0246 

"»Sm 

23-5m 

'"Sm  {n,y) 

22-53 
22-53 

55  ±  11 
0-031% 

pi"Eu 

0246 

IMIDlQ 

55m 

'«*Cd  {d,2n) 

0-88 

D^^^Sn 

0246 

lunQj 

48-6m 

"«Cd(/i,y) 

"•Pd  (a,/l) 
"•Ag  ((t,pn) 
»'H:d  (n,2«) 

12-39 

26-7 

48-65 

24-07 

0-2  ±  0-1 

(01%) 

0246 

••a 

55'5ni 

"Ar(y,p) 

99-600 

0246 

"Kr 

Mh 

"Se(a,n) 

0-87 

02461 

'"Re 

71d 

»"Ta  (a,2/») 
»"W  (d,n) 

99-9877 

14-4 

26-4 

D"»Os 

02461 

••Ta 

50d 

••Ta  («,y) 
«"W(y,/7) 

t 
14-4 
30-6 

17000  ±  2000* 

*  Pile  Neuuotu 


t  Artificially  Active 
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X  Naturally  Active 


Prr  C«ir 

Thermal  Neutron 

Abundance  of 

Activation 

Per  Cent          Radioacttve 

y-Energy 

(MevJ 

Soma  Modet 

Relevant 

Cross  Section 

Abundance  of         Parent  or 

Nuclide 

Half-Ufe 

of  Formation 

Stable 

(Bams)  or 
Fission  Yield 

Y-Radiation        Daughter  of 

1 

Isotope 

0-247 

'"In 

281d 

"•Ag  (a.2n) 

»»CdO»/r) 
»K:d  {dji) 

48  65 

12-75 
12  75 

~100 

P""nCd 
(001%) 

0-247 

"*Np 

440d 

"»U  (</,3/i) 
"*U  (a,pAn) 
»"U(/>,2w) 
"•U  {d,n) 

•••U  (a,/»27T) 

'      0720: 
0720: 
0720: 

t 

t 

D-«Pu 

0247 

i 

85d 

>"Ho  {a,n) 
"Tm  (/i,2ii) 

100 
27-07 
100 

0-2472 

7-4h 

»"Au  (a,2/l) 
»"Hg  (</.2/i) 

1  100 
1684 

D»"Pb 

0-2474 

"»Re 

64^ 

"'Ta  (a,3/i) 
"•W(p,/i) 
"«W  (</,2/i) 

999877 

264 

264 

0-248 

"•"Rb 

63h 

"Br(a^) 

50  52 

0248 

"«Eu 

16y 

"•Eu(/i,y) 
»«EuW.p) 

52-23 
52-23 

420  ±  100* 

0-2481 

"«Tb 

8h 

"»EU  (a,/l) 
"•Eu  (a,3/l) 
»«Gd(/>^) 

47-77 

52-23 

215 

02490 

«o«Bj 

116h 

••*Pb  W,2/i) 
••m  (a.3n) 

140 
29  50 

P^*«npb 

D*»*Po 

0249 

>»>Ba 

115d 

"•Ba  (/t.y) 

0101 

10  ±  1 

p"k:s 

0-249 

'"Au 

3<Mi 

"4r  (a,4/») 
"•Pt  id,3n) 

38-5 
078 

pl.lpt 

D">Hg 

0-2496 

lOTpo 

57h 

•^Pb  (a,3/l) 

251 

D«»Rn 
D*«»At 

0250 

"•Ho 

33in 

0250 

"Tb 

62h 

"»Eu  (a,2n) 

47-77 

P»»Hjd 

0250 

»«»Bk 

4-98d 

»«*Cm  id,n) 
"•Am  (a,2/i) 
•«Cm  («,/>) 

t 
t 

t 

31 

D»«K:f 
P«*K:m 

0250 

»»Xe 

913h 

»«Xe  (n,y) 

"•Xc  (n,2n) 
"«Xe(^,/)) 
"•Ba  (/i,a) 
"•U(/i./) 

10  44 

8-87 
1044 
7166 

0  2  ±  0-1 

5-9% 

(-70%) 
D^>»"Xc 

p»»<:s 

02500 

"'Lu 

6-75d 

"•Lu  (/l,y) 

260 

4000  ±800 

D"»Yb 

i 

"•Lu  (^,/7) 

260 

025 

»"Ce 

13-9m        ' 

Weak       P'"Pr 

•  Pile  Neutrons 


f  Artificially  Active 
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X  Naturally  Active 


y-Energy 

{Mev) 


Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent     ; 

Abundance  of ' 

Relevant 

Stable        i 

Isotope       ! 


Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


025 

025 
0-25 
0-25 
025 

0-25 

0251 
0  2513 

02520 

0252 
0-2523 
02526 
02528 


02529 
02529 

0253 

0253 

0253 
0253 
0-253 


•Re 


•••At 
••Mo 
'•Br 
•»Zn 

«Sc 
"»Os 

17»Yb 

•••n 

'"Tb 
'•»Re 

IM 


Re 


'••Pb 
••♦Bi 

"Co 

««Th(Io) 

••mj 

•••Ac 
•»Rb 


50d 


1  6h 
5-7h 
17-2h 
9-33h 

3-92h 

306h 
lOlh 

26- Ih 

19h 

20h 

57m 

50d 


37m 
11  6h 

18-2h 

8-0  X  10*y 

2212m 
29h 

47h 


"*W  (a,pn) 

"»W  (d,n) 
"*Re  (n,2n) 


"Se(/7,/i) 
"As  (a,3/l) 
*»Ni  (a,2/j) 
•^Zn(y,2//) 
•=K:u  (p,2n) 
*»Ca(/>.n) 
*^Ca  (d,n) 
»»^Os(/i,y) 

"'Yb  (Y,n) 
"'Au  (a,n) 
^'"'Hg  id,2n) 


"'Ta  (a,n) 
'"W  (a,pn) 
•"W  (p,n) 
"»W  (d,n) 
"*Re  (/i,2w) 

"♦Pb  (d,2n) 
"Tl  («,3/;) 
"Fe  (d,n) 
"Fe(p,y) 


»»*Th  (/i,y) 
»Th  (d,p) 


•Br  (a,2/i) 


99-9877 

26-4 

30-6 

14-4 

3707 


902 
100 
26-16 
48-89 
691 
0  145 
0-64 
41-0 
31-84 
12-73 
100 
23-13 


99-9877 
26-4 
30-6 
14-4 

37-07 

1-40 

29-50 

5-84 

5-84 


-0-8 


loo: 

lOO: 


5052 


1-6  ±0-4 
60  ±40 


7-3  ±012 


-0-6 


l-7xl0-« 


D"*Fr 

paospo 

P'-Nb 

p9omNb 

D"Kr 
P«*Cu 


£)200pb 


pi'^Au 


P"«n 

p204mp^ 

£)i04po 

P"Fe 

D"*U(U„) 
P^'Ra 
D""Pa 
P»»Pa 

D""Pa 

P^Th 

pniniKr 

D»'Sr 


•  Pile  Neutrons 
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X  Naturally  Active 


-/-Energy 
(Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 
Abundance  of 

Relevant 
':        Stable 
I       liotope 


Thermal  Neutron 
Activatiom 

Cross  Soetiom 
(Bams)  or 

Fission  Yield 


Per  Cent 
Abundance  of  j       Parent  or 
y-Radiation  '     Daughter  of 


0-253 

02544 
0  2546 


0255 


0255 


0255 
0-255 
0255 


02556 

0256 
02564 

02564 
0-2573 
02579 
02584 
02589 
0259 


"•Gd 

"•Np 
"•Pa 


U4inp{^ 


"»Am 
"•Cf 


"»Au 
"•Sb 

(RdAc) 
»"Re 
"•Pb 

»»Au 

"♦Pb 
(RaB) 

i.spb 


93d 

15h 
2  346d 


17-7d 


1  175m 


198h 
360y 
34-5h 


15-8h 

51h 

18  17d 

640h 
21  5h 

3-9S 
15-8h 
268m 

2-4h 


'"Sm  (a,2n) 
»»»Eu  (p,3n) 

"•U  idjn) 

"Th  (dAn) 
"Th  (a,p5n) 
•••Th  id,2n) 
"'Pa(</^2n) 
"»Pa  (n.y) 


»"Cc(/i.y) 
>"La  (dM) 
"•La(p,3/i) 
"4r  (a,2H) 
"•Ft  (d^) 
»»«Pt  ( J,3/i) 
"»In  (a,n) 
»"Sn  (</^) 


"»Ta  (a,3ii) 
»«W(p,/i) 
"•W  (J,2n) 


"ilr  (a,2n) 
"•Pt  id,n) 
»»*Pt  (</,3n) 


15K)7 
47-77 

99  276: 
99-276: 

lOO: 
lOO: 


0  193 
99  911 
99.911 
38-5 

0-78 
329 
95-77 

757 


999877 

264 

264 


38-5 
0-78 
329 


43  ±5 


0^  ±0-2 


46 


P"»Pu 
D"*Am 

p«»mi(io) 

P"«Ac 

D»TTj(UXi) 

P"*U(Un) 

p«»«Pa(UZ) 

D"»Pu 

D»"Bk 


D'"Hg 
D'*»"Hg 

px.ipt 

D"««Sb(?) 

D»»'Ac 

P"»Ra(AcX) 

D»"Pa 


p.«rn 
D«^Bi 

D»^Po 
ptnmp^ 

(0-03%) 

D"»Hg 

P"»Pt 
D*"Po 

(RaA) 
P*"Bi(RaQ 


•  Pile  Neutrons 
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:  Natunlly  Active 


y-Eiurgy 

{Mev) 

'      Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  C«ir 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactiz'e 

Parent  or 

Daughter  of 

0-2598 

"'Pa 

3-43  X  10*y 

»^Th  id,3n) 

lOOJ 

D*"Th 

(UY) 
P"'Ac 
D"'U 

02598 

"»Os 

13-5h 

"*Re  (p,3n) 

37  07 

pi83Re 

026 

"•Ra 

1622y 

~7  X 10-" 

D"»Th(Io) 
P"*Rii(Rn) 

026 

"Zn 

9-33h 

"Ni  ia,2n) 
"Zn  (y,2/i) 
"Cu  (j},2n) 

26-16 
48-89 
691 

P**Cu 

0260 

2«.po 

103y 

^''Bi  (^,2/i) 

100 

~0-4 

D'^^At 

0260 

"»Cd 

53h 

"*Cd  («,y) 
"♦Cd  (J,/>) 

"•Cd  («,2«) 
*"U  (/I,/) 

28-86 
28-86 

7-58 

11  ±0-3 
0-011% 

piismxn 

D"*Ag 

(91%) 

02605 

"*Bi 

14-5d 

D206po 

D"»At 

p205pij 

02607 

""Tl 

l-91h 

"'Au  (a,3/l) 

100 

D  (25m) 

198pb 

02610 

»"Yb 

31-8d 

'•*Yb  (n,y) 
"Tm  (</,2n) 

0140 
100 

11000  ±  3000* 

D'«»Lu 

0261 

"'Gd 

29h 

P"'Eu 

0  2613 

"Kr 

34-5h 

"Kr(«,y) 
'•Se  (a,n) 
"Br  (</,2«) 
"BrO,w) 
"Kr  (d,p) 

0-354 
9-02 
50-52 
50-52 
0-354 

2  0  ±  0  5 

0  2615 

«"n,Au 

30  6s 

DiwmHg 

02627 

»»Tb 

5-6d 

02628 

"•Bi 

6-4d 

"»T1  (a,3/») 

"•Pb  (J,2«) 
»"Pb  (d,3n) 

70-50 

251 

21-7 

D-»«Po 
D^^At 

02630 

•"Cd 

55in 

»"Pd  (a,n) 
»"Ag(p,3/i) 
'••Cd  (n,2n) 

096 

51-35 
1-22 

0263 

"•Cd 

53h 

"«Cd  (/»,y) 
"H:d(J,;») 

"•Cd  (n,2n) 

28-86 
28-86 

7-58 

11  zt  0  3 
001 1  % 

pusmin 

D"»Ag 

(91%) 

0263 

>»m) 

S6d 

*  Pile  Neutrofu 
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X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Seme  Modes 
of  Formation 

Pct-  Cent 

Abundance  of 

Relevant 

Sum* 

luttope 

Thermal  Neutron 
Activation 

Crots  Section 
{Bams)  or 

Fission  Yield 

PmrCemt 
Abwdamceef 

RadMa£ttve 

Parent  or 
Daughter  e/ 

02636 

"»Bi 

12  3h 

P««»Pb 

P»»»mpb 

D*'*Po 
D»»'At 

0264 

"Ge 

82m 

'*Gc(/i,y) 
"Gc  id,p) 
'Hjc  (n,2n) 
"As  {n,p) 

3674 
3674 
7-67 
100 

0  21  ^008 

0264 

"»Rn 

]6h 

•••Bi  (a,2H) 

100 

P"'At 
p..»Po 

0264 

"Ge 

11  3h 

'•Gc  (n,y) 
'•Gc(^./») 

•"U(n,/) 

7-67 

7-67 

4982 

80  i:  20mb 
3  7xlO-»% 

P"As 

0264 

"•"Mo 

695h 

•»Mo  (/f,y) 
••Zr  (a,/t) 
"Nb(p,/i) 
"Nb  {d,2n) 

15  86 

51  46 
100 
100 

<6inb 

02641 

•"Re 

64  Oh 

'"Ta  (a,3n) 
"»W  (rf,2/f) 

99  9877 

26-4 

264 

■ 

02641 

"«Ta 

1151d 

»"Ta  (/i,y) 
»"Ta  {d,p) 

»"W  (/!,/>) 

999877 
99  9877 
264 

19  ±  7 

0265 

"•Cs 

12-9d 

'•K:s(/i,y) 
"•La  (/i,a) 

99  911 

13  ±4* 

0265 

»Se 

121d 

"Sc(/f.y) 
"As  (rf,2/i) 
"As(p^) 

087 
100 
100 

26  ±6 

0265 

"Y 

]0  4h 

D»«Sr 

0265 

"""Cd 

51y 

"HTd  (rf,p) 

2407 

~0-l 

02655 

>"Dy 

8-2h 

0266 

"•Nd 

20h 

»"Nd  (/l,y) 
"•Nd  {d,p) 
"•Nd  (/i,2/i) 

5-72 
5-72 
560 

3-7  r:  12 

P"»Pm 

0-267 

"'•"Cd 

3  Oh 

"•Cd  (/l,y) 
"•Cd(c/,/») 

7-58 
7-58 

15  ^03 

Ancestor 

'""In 
D»"Ag 

0267 

'•Kr 

9-7h 

P'«Br 

0267 

"^Gd 

3-6in 

"•Gd  (n,y) 

219 

0  8  ±  0  3 

pi.ijb 

02675 

*"U 

675d 

"•U  (n,y) 
»»U  («,2/?) 

t 
99-276: 

6^1                0-86 

P"»Np 
D*"Pu 

0-268 

istm^Q 

28-7h 

"•Ba  (/i,2n) 

7-81 

*  Pile  Neutrons 
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i  Naiurallv  Active 


y-Energy 

(Mev) 


Nuclide 


Half-U/e 


Some  Modes 
of  Formation 


Per  Cent     \  Thermal  Neutron  < 

Abundance  of  Activation             Per  Cent 

Relevant  Cross  Section  ]  Abundance  of 

Stable  (Barns)  or  \  y-Radiation 

Isotope  Fission  Yield  | 


Radioactive 

Parent  or 

Daughter  of 


0-268 


0268 


0268 


0268 
026% 


0270 


»U 


•Pb 


»Au 


•"","Br 
"»Ra 

(AcX) 


'As 


0-270 

i"Ba 

0-270 

i.«I 

0-27 

"»Dy 

0-27 

"•Ce 

0-27 

•*Br 

0-27 

»«'Bk 

027 

»«'Am 

02705 

'"Lu 

0-271 

..msc 

0-2714 

"•Dy 

0-272 

•"Pa 

0272 

"•Rn 

(An) 

0-273 

"•Lu 

74y 


21  5h 


15-8h 


3-7  X  10-*s 
11 -68(1 


38-7h 
2-4d 

86s 

139-2m 
13 -9111 
31 -8m 
~10«y 

458y 
6-70d 

2-44d 


lOh 

27  Od 


3-923 


1  4y 


"*Th  (a,4«) 
«"Pa  id,n) 


"^Ir  (a,2«) 
"»Pt  (d,n) 
"«Pt  id,3n) 


•  Pile  Neutrons 


'•Ge  id,n) 
"»U  (/I,/) 
"»Cs  (djn) 
"»Cs  (j),6n) 
«"U  (/I,/) 
»«Dy(/i,y) 

"Rb  (n,a) 


'••Tm  (a,n) 
"'Yb  (p,n) 
"K  («,/») 
"Sc  (n,2n) 
**Ca(p,n) 
««Ca  (d,n) 

«"Pa(«,y) 
»»Th  (d,n) 
*»*Th  (a,p2n) 


•"Yb(/7,/f) 


loot 


38-5 
0-78 
329 


7-67 

100 
100 

2818 

27-85 


100 
21-82 
691 

100 
206 
0-145 

t 
100  J 
100* 


1613 


9-1  xlO-»% 


3-1 7„ 

2100  ±  300* 


4  X  10-» 


4-4 


10 


760  ±  100* 


30 


8-6 


t  Artiticially  Active 
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t  Naturally  Active 


D*"Pa 
D"«Pu 
P«*Th 

(RdTh) 
ptoo^j 

D204po 

D"»Hg 

pitspf 

(RdAc) 
D"»Fr 

(AcK) 
P"»Rn(An) 
D«»Ac 
D"Ge 
D""Ge 
P»»Cs 


P"»Pr 


D«"Pu 
D"*Hf 


D"»Th 
P"«U 
D"'Np 
D"»Ra 

(AcX) 
P"»Po 

(AcA) 
D"»At 
D"»Hf 


y-Energy 

{Mev) 

Nuclide 

1 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seuiron 

Activation              Per  CmU     \     Radioactive 
Cross  Section      .  AbtmdaHe4af  \       Parent  or 

{Bams)  or           y-Radiatiom  :     Daughter  of 
Fission  Yield 

1 

0-273 

;  '"Gd 

93d 

>"Sm  (a,2n) 

15-07 

J 

»»Eu  (p,3n) 

47-77 

0  2731 

"•Np 

2346d 

"•U  (</,/») 
"•U  {oi,pln) 

99-276: 
99  276: 

D"»U 

pt.tpu 

D"*Am 

0-2741 

'"Hg 

57m 

P»»'Au 

0-275 

••Pd 

21 -6m 

P(47h)^^Rh 

0275 

i.«Hg 

5-7h 

P'**Au 

0-275 

">Pm 

27-5h 

D'"Nd 

0-276 

isimQ^ 

38-8h 

»»«Cs(p^) 
'•»Cs  (4,2n) 
»*Ba(y./i) 

100 
100 
2-42 

P'»«Ba 

02763 

>"Rc 

64  Oh 

»"Ta  (a.3/i) 
>"W  (j),n) 
"»W  (J,2n) 

99  9877 

264 

264 

0-277 

(ThC) 

3  10m 

~10 

D»'«Bi 

(ThC) 

0-277 

"»Cm 

35y 

"•Om  (/»,y) 

t 

20±  10* 

D*«»Bk 

0-277 

'♦'Nd 

11  06d 

>"Nd(n,y) 
"•Nd  {d,p) 

1718 
1718 

18  ±06 

2-6y. 

P'«^Pm 

0-2776 

"•Am 

12h 

"'Np  (a,2n) 
"•Pu  (/>./!) 
»"Pu  (t/,2/i) 
"•Pu  («,;73ii) 

t 

t 
t 
t 

0-2777 

"•Np 

2-346d 

"•U  id,n) 
"•U  ia,p2n) 

99276: 
99-276: 

D"»U 
P"^Pu 
D"»Am 

0-279 

"•Cs 

30-7h 

"'I  (a,2«) 

100 

D»"Ba 

0-279 

.o.p5 

52- Ih 

"»T1  (</,2/i) 
-Tl  (;>./») 
"*Pb  (n,2/i) 
••*Pb(y.n) 

29  50 
29  50 

140 
140 

D"»Bi 

0279 

tOSHg 

46  9d 

"*Hg(n,y) 
"*Hg  (/i,2«) 

29-80 

29-80 

685 

3  8   :r  0  8 

0-2793 

"'"Au 

7-2s 

D^^^Hg 

0-2793 

i.Tmjjg 

24h 

"•Hg(/i,y) 

"•Hg(c/,p) 
"•Hg  (n,2n) 
"»Au  (^,2«) 

0146 

0146 
10  02 
100 

3100  ^  1000' 

(3%) 
P""»Au 

(3%) 
P"'Hg 

0-280 

166H0 

>  30> 

1 

•Pile 

Neutrons 
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Active 
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y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Ccwf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent 
AbundaTKe  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0280 

"Se 

121d 

'*Se  (jl,y) 
"As  {d,ln) 
"As  (p,/j) 

0-87 
100 
100 

26  ±6 

0280 

"Cu 

3-32h 

••Ni  {d,n) 
"Ni  (j),n) 
*-Ni(;7,y) 
"Cu  (y,2n) 

26-16 
1-25 
26-16 
691 

12 

D"Zn 

~0  28 

IT.Hf 

^5y 

"•Yb  (a,2n) 
"'Yb  (a,3«) 
'"Lu  07,4/1) 

3  03 
14-31 
97-40 

P(6-7d)'"Lu 

028 

"»Pt 

lOOd 

P"»Ir 
D'^^Au 

028 

*»Ni 

6-4<l 

**Fe  (a,2/i) 

5-84 

P««Co 

02808 

lOS^g 

40d 

">*Pd  {p,n) 
'•*Pd  (c/,2/i) 
'•»Rh  (a,2/i) 

22-2 
22-2 
100 

0-281 

inm^d 

3  Oh 

"•Cd  {n,y) 
"•Cd  {d,p) 

7-58 
7-58 

15  ±0-3 

Ancestor 
D'"Ag 

0  281 

"Kr 

1  Ih 

'♦Se  (a,/l) 

0-87 

0  281 

»»»Os 

306h 

'»^Os  (/i,y) 

41  0 

1-6  ±0-4 

0-2814 

t"Re 

64-Oh 

'"Ta  (a,3/i) 
'•^WO',") 
'«W  {d,2n) 

99-9877 

26-4 

26-4 

<^ 

0  2818 

»"Au 

47h 

'•'Ir  (a,3/i) 
'«Pt  (J,2/i) 

38-5 
0-78 

D'"Hg 

0-282 

'••Re 

ISm 

02821 

•••Po 

8-8<l 

«"Pb  {a,2n) 

1  40 

pjo.Bi 

D"«Rn 

D«"At 

02823 

*"Bi 

145d 

D*«*Po 
D»»At 

piospij 

02824 

ituirp] 

l-9h 

'"Au  (a,3/l) 

100 

D  (25m) 

i.spb 

02826 

i7»Yb 

'     lOlh 

"«Yb  (/»,y) 
»"Yb  (y,/l) 

31-84 
12-73 

60  ±40 

02828 

'"Ho 

1 
1 

1 

67in 

'»»Tb  (a,/;) 
'"Dy(p.//) 
'"Dy  (</,2/j) 

100 
25-53 
25-53 

0283 

i  "•Sn 

1 

1 

40h 

t 

1 

p.ioin 
P(55m)"'«In 

*  File  Neutrons 


f  Artificially  Active 
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I  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

HaJf-Ufe 

Some  Modes 
of  Formation 

P«-  Cent 

Abundance  of 

Relevant 

Statu 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent          Radioactive 
Abundance  of        Parent  or 
y-Radiation        Daughter  of 

1 
1 

0-283 

"•Pa 

22h 

D»»U 
P"«Ac 
P"«Th 
(RdTh) 

02831 

«ipa 

3-43  X  10«y 

"Til  (d,3n) 

loo: 

D"'Th(UY) 

P««'Ac 

D«"U 

0-2833 

i.*Ir 

74-37d 

"Mr  in,Y) 

"•Ir  (n,2n) 
»»Os  {d,2n) 
"«Pt  (y./»/i) 

385 
38-5 
61  5 
410 
32-9 

700  ±  200 

0284 

UIJ 

8  08d 

"•Te  {d,n) 

34  49 

2-8% 

53 

D"Te 

pi.imxe 

(-1%) 

0-284 

"Br 

57h 

"Se  (d,n) 
"As  (a,2/l) 

902 
100 
087 

P"«nSc 

0-284 

1.8T1 

5-3h 

0-284 

»«^Gd 

3  6m 

"•Gd  («,y) 

21-9 

0  8  i  0-3 

pi.i-n, 

0-2842 

••»Bi 

145d 

D"»Po 
D"»At 
P"'Pb 

0.2844(?) 

.oipb 

94h 

•••n  (dM) 

29  50 

pMiTl 

D(62m) 

••»Bi 
D(l-85h) 

••»Bi 
D»»Po 

0-2849 

"»Er 

7-8h 

"•Er  (/i,y) 

14-88 

9  ±2 

P»"Tm 

0-285 

"•Po 

2-93y 

"•Pb  (a,2ll) 
"Tb  (a,3n) 

•••Bi  (</,3n) 

"•Bi  (j},2n) 

251 
21-7 

100 

100 

~0O03 

D»"Rn 
D(l-7h) 

•••At 
D  (6  3h) 

•••At 

0-285 

'"Pm 

54h 

"•Nd  (/7,2n) 
"•Nd  (^./i) 
"•Sm  (n,p) 
"•Sm  (y./») 
"*U(n,/) 

560 

5-72 

13-82 

7-47 

1-3% 

D»»Nd 

0-2856 

"•Np 

2346d 

"•U  (d,n) 
"«U  (a,/>2n) 

99276t 
99-276: 

D*«»U 
P*"Pu 

D*"Am 

♦  Pile  Neutrons 


t  Artificially  Active 


J  Naturally  Active 
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y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

0-286 

"^Rh 

4-7d 

"^Ru(p,/i) 
"•Ru  {d,n) 

17-0 
12-7 

E)ioipd 

02863 

(RdAc) 

18-17d 

D*"Ac 

P«"Ra 

(AcX) 
D"'Pa 
D"'U 

02865 

«».po 

8-8d 

"♦Pb  {a,2n) 

1-40 

p20«Bi 

D"«Rn 

D"«At 

02865 

"»Re 

640h 

i"Ta  (a,3/i) 
"^W  {,d,ln) 

99-9877 

26-4 

26-4 

0287 

"'Cs 

6-3h 

"'I  (a,4/l) 

100 

pi"Xe 

pi27mxe 

(-0-01%) 
Di"Ba 

02880 

"To 

5-7h 

"•Pb  (a,3/l) 

25-1 

D"'Rn 

D"'At 

0-288 

"»Tb 

19h 

0288 

i.ipd 

8-5h 

15 

P  (4-7d) 

'"Rh 

0-288 

"*Bi(ThQ 

605m 

. 

D^i*Pb(ThB) 

p212po 

(ThC) 

p208'Y1 

(ThC) 
D"«At 

0-2893 

*»«Bi 

11 -6h 

"«Pb  (rf,2n) 

"»T1  (a,3/l) 

1-40 
29-50 

p204mp5 

D204po 

02893 

M^n 

26  Ih 

"'AU  (a,7l) 

"°Hg  {d,2n) 

100 
23-13 

£)200pb 

0-2894 

M4rop5 

66  9m 

"»T1  (^,n) 
»"T1  {d,3n) 
"♦Pb  (/i,/i) 

29-50 

70-50 

1-40 

D='»«Bi 

0290 

»»»Au 

15-8h 

»»Ir  (a,2/i) 
'"Ft  id,n) 
'•♦Ft  (</.3/i) 

38-5 
0-78 
32-9 

0-2 

D'"Hg 

Di.smHg 
piwpt 

0290 

'••Pb 

2-4h 

0290 

»-Pb 

21-5h 

piooYi 
DiooBi 
D*"Po 

*  Pile  Neutron* 


t  Artificially  Active 
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X  Naturally  Active 


Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation              Per  Cent           Radioactive 

y-Bfurgy 
(MevJ 

Some  Modes 

Relevant 

Cross  Section        Abundance  of         Parent  or 

Nuclide 

Half-Ufe 

of  Formation 

Stable 

{Bams)  or           y-Radiatiom  i     Dovghter  of 

Isotope 

Fission  Yield 

029 

'"Au 

42m 

pit.pt 

D"»Hg 

0-29 

"Br 

l-6h 

"Sc(p,y) 
"Sc(^./l) 

087 
0-87 

029 

•"Ra 

3-64d 

"»Ra  (/i,y) 

130  ±  20*      }'-8xlO» 

D"*Th 

(ThX) 

(RdTh) 
P»»»Rn(Tn) 
D"*Ac 

02906 

iM^Au 

39s 

pitamp* 

(0  03%) 
D"»™Hg 

0  2913 

»»*Au 

395h 

"Mr  (a,3/i) 
'•*Pt  (d,ln) 
"*Pt  (J,3/i) 
"*Pt(p./f) 

61-5 
32-9 
338 
32-9 

D"«Hg 

0  2917 

»"Re 

71d 

>"Ta  (a,2«) 
"•W(p,/i) 
"»W  (J,n) 

99  9877 

144 

264 

D"»Os 

0  2917 

"Ta 

5-Od 

"Ta  (/i,y) 

«"W(y.p) 

t 
14-4 
306 

17000  ±2000* 

0292 

'"Ba 

7-2y 

"*Ba  (/i.y) 

0K)97 

7  ±2 

D"«"Ba 

02925 

io»Cd 

55m 

"»Pd  (a./f) 

»"Ag07,3n) 
»»K:d  (/»,2n) 

0-96 

51-35 
1-22 

0-2929 

"♦Bi 

11  6h 

"«Pb  {dOn) 
•••n  (a,3/l) 

140 
29-50 

ptMinpj, 

D»""Po 

02930 

i.4Ir 

19-Oh 

"Mr(ii,y) 
"Mr  (d,p) 
"»Pt(y./)) 
"•Pt  (y,;7/i) 

61-5 
61-5 
33-8 
25-2 

130  ±  30 

D"*Os 

0293 

"«Pa 
(UX.) 

666h 

"»Pa  {n,y) 

t 

25  ±4 

P«"U(U,0 

D*"Pa(UX,) 
D«*Th(UX,) 
(0-63%) 

0294 

^"Ce 

33h 

"«Ce  (/l,y) 
"»Ce  {d,p) 
'"VinJ) 

11-07 
11-07 

0  95  ±  0O5 

5-4% 

D"»La 
P"»Pr 

Descendant 
»"Xe 

0295 

"'Cf 

2-5h 

0-2952 

"♦Pb 
(RaB)  ! 

26-8m 

D*"Po 

(RaA) 

P"«Bi(RaC) 


*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

02957 

»*Au 

4-7h 

"4r  ia,3n) 
"*Pt  {d,2n) 

38-5 
0-78 

Dio^Hg 

02959 

»"Ir 

74-37d 

i"Ir  in,y) 
"ilr  (d,p) 
"»Ir  (n,2n) 
"*Os  id,2n) 
^•*Pt(y,p/l) 

38-5 
38-5 
61-5 
41-0 
32-9 

700  ±200 

02960 

"^Er 

7-8h 

"''Er(/i,y) 

14-88 

9  ±2 

P"Tm 

0-296 

"»Rn 

16h 

"•Bi  (a,2n) 

100 

p2UAt 

paoTpo 

0296 

"Ga 

77-9h 

"Zn  (d,n) 
"Zn  (p,n) 

27-81 
411 

D"Ge 

0-2965 

^•'Tm 

29h 

pi.sEr 

02967 

"Tb 

56d 

02969 

"•Ir 

15h 

D"«Pt 

0-297 

,10X1 

(RaC) 

1 -32111 

D"*Bi 

(RaC) 

p»iopb 

(RaD) 

0-297 

"»Ru 

39-8d 

"»Ru  in,y) 
>«Ru  id,p) 
"♦Ru  (y,/i) 
"*U  (/I,/) 

31-5 
31-5 
18-5 

1-44  ±016 

3-7% 

piosmRh 

0297 

iMinHo 

5  Oh 

D"«Er 

0297 

"»Hf 

23-6h 

"«Yb  (a,«) 
"»Yb  ia,2n) 
"*Yb  (a,3/i) 
'"Lu  (p,3n) 

3  03 
14-31 
21-82 
97-40 

P"»Lu 

0  2971 

~'Po 

5-7h 

"•Pb  («,3/i) 

25- 1 

D"»Rn 
D"'At 

0-2978 

"Tm 

29h 

pi"Er 

0298 

...pd 

17-Od 

•«Pd  (/I,y) 
"»Rh  (p,n) 
"»Rh  (^,2/1) 

096 
100 
100 

4-8  ±  1-5 

piosnriRh 

D'-'Ag 

0298 

"Br 

57h 

"Se  (d,n) 
"As  (a,2/l) 
"Se  («,p) 

902 
100 
0-87 

p77mse 

0-298 

iwmHo 

5  Oh 

D>"Er 

0299 

••Tb 

72-3d 

"Tb  (n,y) 
>"Gd  (</,2/i) 

100 
21-9 

>22 

0299 

«"Gd 

93d 

>«^Sm  («,2/j) 

1507 

'*'Eu  (p,3/j) 

47-77 

*  Pile  Neutron* 


t  Artificially  Active 
82 


X  Naturally  Active 


y-Energy 
\MevT 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Xeutron. 
Activation         '     Per  Cent          Radioactive 

j         {Bams)  or         <  y-Radiation        Daughter  of 
I      Fission  Yield      j 

02994 

Mipa 

3-43  X  10*y 

"»Th  (^,3/») 

'  loo: 

D»»Th(UY) 

P»"Ac 

D»'U 

02998 

"Kr 

34-5h 

"Kr(/..y) 
"Sc  (a.n) 
"Br  (d,ln) 

"Kr(J.p) 

0354 
9^2 
5052 
5052 
0354 

20  ±  0  5 

02999 

i«2Re 

640h 

'"Ta  (a,3/i) 
>"W(p^) 
>"W  (d,2n) 

999877 

264 

264 

0300 

i.6La 

19-5h 

"•Cs  (a,2/l) 
"*Ba  {d,n) 
'"Ba  (p,n) 

100 
2  42 
659 

d»»h:€ 

030 

i"Ta 

8-7h 

"*W  (/!./») 

306 

030 

i8.Ta 

105m 

1 

030 

*-'Ra 

41  2m 

"•Ra  (/i.y) 

* 

20  ±3*       ! 

P«"Ac 

030 

ii»m^g 

l-2m 

D«"Pd 

0-30 

'♦Ga 

7-8m 

Weak 

030 

isspr 

20h 

"•CcC/J.Sn) 

88  48 

030 

uspj. 

22m 

p'»h:c 

03001 

(ThB) 

1064h 

D"«Po 

(ThA) 
P«"Bi(ThC) 

0  3005 

'"Re 

64  Oh 

»"Ta  (a,3») 
"•W  (</,2w) 

99  9877 

264 

264 

0301 

-"Pa 

270d 

»»Pa  (/i,y) 
"«Th  (J./i) 
"«Th  (a,p2n) 

t 

loo: 
loo: 

760  ±  100* 

ptMU 

D"^Np 

0301 

'""Rh 

208h 

"Ru  (^,n) 
'••Ru  (J,2«) 
"•Ru  (p,n) 

127 
12-7 
12-7 

D»»»Pd 

0-302 

Mipa 

3  43  X  10*y 

"»Th  (</.3/i) 

loot 

D"'Th(UY) 
P"^Ac 

0304 

"»Ba 

12-80d 

"•Ba  (/i,y) 

t 

4  ±  1 
617% 

P"»La 
Descendant 
"•Xc 

0304 

"»Au 

15-8h 

"^Ir(«,2n) 

38-5 

D"»Hg 

"«Pt  (J,/i) 

0-78 

£)i«niHg 

"*Pt  (f/,3/i) 

32-9 

1 

piMpt 

*  Pile  Neutrons 


+  Anificially  Active 
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X  Natiually  Active 


y-Energy 

(Af«.) 

'      Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

j     Per  Cenr 
Abundance  of 
'     Relevant 
i       5raA/e 
Isotope 

1 

1   Thermal  Neutron 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

03048 

"'Th 

(RdAc) 

18-17d 

D"'Ac 

(AcX) 

£)227pa 

D«"U 

03050 

•""Kr 

436h 

"Kr(n,y) 
"^KrCJ,/,) 
"^Sr  (/I,a) 
''Rb(n,p) 

56-90 
56-90 
82-56 
72-15 

0  10  ±  0-03 

D"Br 

0305 

"•Ho 

33m 

\ 

0  305 

i.«i,Ho 

0-8s 

0305 

'*Se 

12ld 

'*Se  («,y) 
"As  id,2n) 
"As  07,/;) 

0-87 
100 
100 

26  ±  6 

0305 

••'Rh 

24m 

"«Pd(y,/;) 

26-7 

D"'Ru 

0306 

"•Lu 

2-4  X  10»"»y 

03069 

-Kr 

34-5h 

"'Kr(/i,y) 
"Se  (a,//) 
'•Br  (^,2«) 
"Br  (j),n) 
'«Kr  W/7) 

0-354 
9-02 
5052 
50-52 
0-354 

2  0  i  0  5 

0307 

"»Hf 

23-6h 

"*Yb  (a,2/i) 
i"Yb  (a,3/i) 
'"Lu  ip,3n) 

3  03 
14-31 
21-82 
97-40 

P^'Lu 

0307 

'••Pd 

13-5h 

lo'Pd  (/7,y) 
"»Pd  (^,/>) 
"•Pd  (y,p) 

"•Ag(/I,/7) 

"»U(/i,/) 

26-7 
26-7 
11-8 
48-65 

10  ±2 
0-028% 

Weak 

[D"»Rhl  ? 

picmys^g 

0  307 

'•Tc 

14-Om 

"•Mo  (,d,n) 
'"Ru(y,;») 

9-62 
31-5 

D"»Mo 

03075 

«07po 

57h 

"•Pb  (a,3/l) 

251 

D»"Rn 
D*"At 

03077 

»"yb 

31  ^d 

'••Yb(/i,y) 
'••Tm  id,2n) 

0140 
100 

11000  ±3000* 

D"»Lu 

03080 

'••Cd 

55m 

'•»Pd  (a,n) 
••'Ag(p,3/i) 
•••Cd  in,2n) 

0-96 

51-35 

1-22 

0308 

"•Sb 

4"2h 

P"»Te 

0308 

»"Od 

150d 

«»»Eu  (^,2/1) 

47-77 

0  3081 

'••Au 

47h 

'•'Ir(«,3/i) 
•••Pi  (d,2n) 

38-5 
078 

D'»»Hg 

*  Pile  Neuuoiu 
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X  Naturally  Active 


y-Energy 
(MevY 

Nuclide 

Half-Uft 

1 

Some  Modes 
of  Formation 

Pct-  C«ir 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactixn 

Parent  or 

Daughter  of 

0-3084 

"^Er 

7-8h 

"«Er  (/i,y) 

14-88 

9±2 

P"'Tm 

03085 

iMIr 

74-37d 

»4r  (/l.y) 
'"Ir  (d,p) 
»"Ir  (/i,2/i) 
"K)s  (</,2/i) 
"«Pt  (y,pn) 

38-5 
38-5 
61  5 
41-0 
329 

700  4^  200 

03094 

"«n 

261h 

"»Au  (a./l) 
«-Hg  {d,2n) 

100 
23  13 

D»-Pb 

0-310 

loipb 

94h 

'•m  (</,4/i) 

29  50 

imi-n 

D(62m) 

••'Bi 
D(185h) 

»»'Bi 
D»»*Po 

0310 

isomHo 

5  Oh 

D'-Er 

0310 

"'Gd 

29h 

P"»Eu 

031 

"iTh(UY) 

25-64h 

"Th  (n,y) 

: 

35  ±  10* 

0-004 

D»*U(AcU) 
p..ipa 

0  31 

"»Fr 

(AcK) 

?7.ra 

08 

D"»Ac 

P*"Ra 

(AcX) 
P«"At 

0-31 

««Cr 

23h 

P««V 

0-31 

"»Ag 

5-3h 

"«Cd  (y,p) 

28  86 

Weak 

0  311 

nrmin 

190h 

Descendant 
"'""Cd 
D"»Cd 
P"'In 

0-3115 

"•Po 

8-8d 

"*Pb  (ee,2«) 

140 

P»^«Bi 

D«"Rn 

D«^«At 

0-312 

173Hf 

23 -Sh 

"•Yb  («,/!) 
"^Yb  (a,2«) 
"•Yb  (a,3/i) 
"»Lu(p,3«) 

3-03 
14-31 
21-82 
97-40 

P"»Lu 

0-312 

"»Cd 

S5m 

»"Pd  (a,/l) 

"^AgO>,3/i) 
"•Cd  (/»,2/i) 

096 

51-35 

1-22 

0312 

»«Tc 

420d 

"Mo  (ty,2/j) 

••MoCa/i) 
"Nb  (a,n) 
»^Mo  (^./j) 

16-50 
1650 
100 
15  70 

*  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 
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Per  Cenr 

Thermal  Neutron 

Abundance  of 

Activation 

Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section 

Abundance  of 

Parent  or 

(Mev) 

Nuclide 

Half-Life 

of  Formation 

Stable 
Isotope 

(Barns)  or 
Fission  Yield 

y-Radiation 

Daughter  of 

0-3128 

(RdAc) 

18-17d 

D»"Ac 

P"»Ra 

(AcX) 
D"'Pa 

£)231U 

0  3130 

•"Re 

71d 

"'Ta  {a,2n) 
»"W  (d,n) 

99-9877 

14-4 

26-4 

D'"Os 

0  3130 

'"Ta 

50d 

"''Ta  (n,y) 
"*W  {y,p) 

t 
14-4 
30-6 

17000  ±  2000* 

0  313 

"Kr 

1-lh 

'«Se  (a,/j) 

0-87 

0313 

»"Pa 

27-Od 

"*Pa  (n,y) 
»*Th  {d,n) 
"^Th  {a,p2n) 

t 

loo: 
loo: 

760  ±  100* 

D«"Th 
P*"U 

0  3136 

*««Bi 

6-4d 

^"m  (a,3/i) 
"•Pb  {d,ln) 
"Tb  (</,3n) 

70-50 

251 

21-7 

D"*Po 
D"»At 

03140 

i.7ir 

13h 

'"Re  (a,2/i) 
'""Os  (^,3w) 

37-07 
13-3 

0  3160 

«"Au 

4-7h 

'"Ir  (a,3n) 
»"Pt  (^,2/i) 

38-5 
0-78 

D»»*Hg 

0  316 

••K3d 

3 -6m 

'•«Gd  {n,y) 

21-9 

0-8  ±  0  3 

pioiXb 

0  316 

'•Kr 

9-7h 

P"Br 

03161 

"•Np 

2-346d 

99-276J 
99-276J 

I323.U 

P"»Pu 
D^^Am 

0  3165 

"»Ir 

74-37d 

>"Ir  (n,y) 
"Mr  (^,/>) 
'»»Ir  (n,2/i) 
'"Os  (^,2«) 
••♦Pt  (y,p/») 

38-5 
38-5 
61-5 
41-0 
32-9 

700  ±  200 

0  317 

••»Cd 

55m 

»"Pd  (a,/l) 
""Ag(p,3n) 
•-Cd  («,2n) 

096 

51-35 

1-22 

0318 

•-Pt 

31m 

'"Pt  {n,y) 
•••Pt  (^,;») 

"»Hg  (/!,«) 

719 

719 

29-80 

3  9   i  08 

0  318 

•••Au 

15-8h 

••«Ir(a,2H) 
••*Pt  (r/,/») 
'•♦Pt  (</,3/i) 

38-5 
0-78 
32-9 

1-3 

D«»»Hg 

D'»""Hg 
pi..pt 

0  318 

••••"Au 

30  6s 

E)i.»inHg 

*  Pile  Neutron* 


t  Artificially  Active 
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*  Naturally  Active 


y-Energy 

(Afw) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation              Per  Cent          Radioactive 
Cross  Section      ,  Abundance  of        Parent  or 

{Bams)  or         j  y-Radiation       Daughter  of 
Fission  Yield      i 

0  3189 

"»Hf 

70d 

»'«Hf(/I,y) 

0  163 

1 

"»Lu  id,2n) 

97  40 

'»Lu  (j),n) 

97  40 

0319 

'"Cs 

30-7h 

>"I  (a,2n) 

100 

D'"Ba 

0  3194 

'"^Ag 

40d 

"»Pd(A/») 
»»Pd  id,2n) 
"»Rh  (a,2/i) 

22-2 
22-2 
100 

0320 

»»»Rh 

36-5h 

"«Ru  (d,n) 
"•Pd  (y.p) 

18-5 
27-3 

ly^^Rh 

Descendant 
'•»Ru 

0320 

"K 

12-52h 

*'K  (n.y) 
"K  (d,p) 

6  91 
6  91 

11  ±01 

D"Ar 

"Sc  (/!,«) 

100 

1 

0320 

"Cr 

27-8d 

**Cr(/i,y) 

431 

13  5  ±  1  4      1       10-» 

D»»Mn 

*Ti  («./i) 

73-99 

1 

»'V(/»./i) 

99-75 

••Cr  (/i,2/i) 

83  76 

'H:rid,p) 

431 

0  320 

i"Pd 

135h 

>"Pd  (/l,y) 
""Pd  (^.;7) 
"•Pd(y,/>) 
»«»Ag(«.p) 
•"U(n./) 

26-7 
267 
11  8 
48-65 

10  i  2 
0028% 

Weak 

[D'»»Rh]  ? 
?»••'"  Ag 

032 

"•Sb 

9-6h 

032 

"•Sb 

103m 

D"»Sn 

032 

"•Bk 

314d 

p»*K:f 

032 

"*Sb 

20y 

'"Sn  (rf,/i) 
"'U(/i/) 

5  98 

0023% 

D  (9  4d) 

'»Sn 

pnsmjQ 

032 

"•Ce 

139m 

P"«Pr 

0-321 

>"Nd 

ll-06d 

"•Nd  (n,y) 
"•Nd  (</,/>) 
«»U  (/I./) 

17  18 
17-18 

1-8  ±06 

2-6% 

P"'Pm 

0321 

"Ta 

53h 

"»Lu  (a,2w) 
"•Lu  (a,3/l) 

"'Hf(/7./l) 

97  40 

260 

18-56 

D"^W 

0  321 

"»Cd 

55m 

"*Pd  (a,/l) 

"'Ag  07,3/1) 
"•Cd  {n,2n) 

0% 

51  35 

1-22 

P-321 

"»Os 

30-6h 

"*Os  (/l,y) 

41  0 

16  ±04 

0-3214 

"'Lu 

6-75d 

^"Lu  in,y) 

260 
260 

4000  ±800 

D"^Yb 

0-322 

»2'"Rb 

63h 

'•Br  (cr,w) 

5052 

•  Pile  Neutrons 
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*  Naturally  Active 


Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation 

Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section 

Abundance  of 

Parent  or 

(Meo) 

Nuclide 

Half-Ufe 

of  Formation 

Stable 
Isotope 

i^Barns)  or 
Fission  Yield 

y-Radiation 

Daughter  of 

03230 

i88Ir 

41  5h 

"'Re  (a,3/i) 
"*Re  («,«) 
"«Os  id,2n) 
"»Os  (d,3n) 

62-93 
37-07 
13-3 
161 

D"«Pt 

0323 

"»Ru 

398d 

^"^Ru  (n,y) 
^"^Ru  (d,p) 
"*Ru  (y,/7) 
"^U(/i,/) 

31-5 
31  5 
18-5 

144  ±0-16 

3-7% 

piosmRh 

0-323 

"Ti 

5-79m 

^'Ti  (/I,y) 
*<Ti  (d,p) 

5-25 

5-25 

99-75 

014  ±  0-03 

0324 

«*«Ra 

(AcX) 

1168d 

2-3 

D«"Th 
(RdAc) 

£>22Spr 

(AcK) 
P"»Rn 

(An) 
D"»Ac 

0-324 

'•>Pd 

170d 

"*Pd  (/I,y) 
»"Rh  (p,/i) 
""Rh  (^,2«) 

096 

100 
100 

4-8  ±  1-5 

piosmRh 

03246 

"*Lu 

6-70d 

"•Tm  (a,n) 
"*Yb  (p,/i) 

100 

21-82 

Di"Hf 

03246 

"«Ra 

38s 

3-6 

D"«Th 
P"»Rn 

£>222pr 

0325 

i»«Pd 

135h 

""Pd  (/i,y) 
i-Td  (J,;>) 
"°Pd  (y,/») 
"•Ag(«,p) 

26-7 
26-7 
11-8 
48-65 

10  ±  2 

0-028% 

Weak 

[D^o'RhJ  ? 

pio.mAg 

0-325 

"•Cd 

55m 

»"Pd  («,«) 
>"Ag(/7,3/i) 
"•Cd  (n,2n) 

0-96 

51-35 
1-22 

0325 

•»Cr 

27-8d 

"Cr  (/»,y) 
*Ti  ia,n) 

"Cr  (/i,2n) 
"Cr(J,A>) 

4-31 
73-99 
99-75 
83-76 

4-31 

13-5  ±  1-4 

~9 

D"Mn 

0325 

•••Ra 

38s 

8  X  10-« 

D"«Th 
P"*Rn 
D»"Fr 

*  Pile  Neutroiu 


t  Artificially  Active 
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I  Naturally  Active 


^Sf 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abitndance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent           Radioactive 
Cross  Section        Abundance  of        Parent  or 

{Bams)  or         i  y~Radiation  \     Daughter  of 
Fission  Yield      ' 

1                         • 

03251 

"Ru 

288d 

"Ru  (n.y) 

5-57 

1 

0-21  ±0-02    j 

p.iuric 

(0  04%) 

••Ru  {d,p) 

5-57 

P*Tc 

(99%%) 

"Ru  (/i,2rt) 

191 

D»'Rh 

••Ru  (y,n) 

191 

•«Mo  (a,n) 

912 

0326 

i7sja 

21h 

"»Lu  (a,n) 
"•Hf(/7,n) 

97  40 

27- 1 

P"«"Hf 

0-326 

iTomjjf 

4-8s 

D(2  1h) 

0326 

"»Sn 

9-5m 

»"Sn  (/l,y) 

S-98 

0-2  ±  O-I 

99-7 

"*Sn  (</,p) 

598 

1 
1 

0326 

»32y 

74y 

»»»Th  (a,4/i) 
"»Pa  (</,/!) 
•"Pa  (a,p2w) 

lOO: 

4  X  10-« 

D*»'Pa 
D»"Pu 
P"«Th 
(RdTh) 

0-3266 

167£)y 

8-2h 

0-3267 

»"Au 

395h 

"»Ir  (a,3/i) 
"*Pt  (</,2/f) 
"»Pt  (</,3/i) 
"*PtO?,/i) 

615 
329 
33-8 
32-9 

D»*Hg 

0-328 

"•La 

4022h 

"•La  (n.y) 
"•La  {d,p) 
'*K^(n,p) 

99  911 
99  911 

88-48 

8-2  ±  0  8 

D»"Ba 

0-328 

"*Bi(ThC) 

60-5m 

D"»Pb(ThB) 

ptlipo 

(ThC) 
P"«Tl(ThC') 
D"»At 

0-3281 

'•*lr 

19-Oh 

•"Ir  (/i,y) 
"»Ir  id,p) 
"•Pt(y.p) 
"•Pt(y.pn) 

61-5 
61-5 
33-8 
25-2 

130  ±30 

D"*Os 

0329 

"8Pa 

22h 

D«»»U 
P"*Ac 
P««Th 
(RdTh) 

0329 

23ipa 

1 
1 

3-43  X  10*y 

"Th  (rf,3/i) 

loot 

1 

1 

D«»^Th 

(UY) 
P"'Ac 
D"»U 

•  Pile  Neutrons 
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JiNaturally  Active 


y-Energy 
{Mev)  Nuclide 


Half-Life 


',     Per  Cent     '  Thermal  Neutron 

i  Abundance  of  \  Activation 

Some  Modes       I      Relevant      \  Cross  Section 

of  Formation       I        Stable  (Barm)  or 

Isotope  Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0-330 


0330 
0-33 

0-33 


033 

0-33(?) 

03302 

03305 

0331 


0  3315 


0332 
0332 

03323 

03323 
0333 

0333 


03336 


Tb 


'«Br 


*Re 


1.7Yb 
207po 

*»«Bi 

"•Au 


'•'Ag 

»'«Ta 

'"Re 
»"Rn 

»"Pa 
(UX.) 


••n 


9-4h 


55m 
17-2h 

50d 


458y 
19m 
5  7h 

11 -eh 

5-55d 


40d 


55h 
21h 

6-75d 

20h 
16h 

666h 


7-4h 


*»»n  (dAn) 


lo^Cd  (d,2n) 
"«Se  (p,n) 
"As  (a,3n) 
»"Ta  (a,/i) 
"''W  ia,pn) 
"*W  ip,n) 
^""W  id,n) 
"*Re  {n,2n) 


"•Pb  («,3/i) 

*»«Pb  (^,2/;) 
«"T1  (a,3n) 
"''Pt  (^,/i) 
'••Pt  (/>,/!) 
"'Au  in,2n) 
"'Au  (y,w) 
'"Pd  ip,n) 
"*Pd  (f/,2/i) 
'"Rh  («,2«) 
"•Hf(/J,y) 
>"Lu  (a,/l) 

"•U  (n,y) 
""U  (/J,2«) 

"•Bi  («,2/j) 

"»Pa  (/i,y) 


••^Au  («,2/») 
'••Hg  (d,2n) 


29-50 


0-88 

902 
100 

99-9877 
26-4 
30-6 
14-4 
37-07 


25-1 

1-40 

29-50 

33-8 

25-2 
100 
100 

22-2 

22-2 
100 

13-75 

97-40 

27- 1 

t 
99276: 

100 


100 
16-84 


~0-3 


6  ±  1 


25  ±4 


1-4 


p201'pj 

D  (62m)^«"Bi 
D(l-85h) 

201Bi 

D*«*Po 
Di«»Sn 
D^'Kr 


D"iPu 

D"»Rn 

D^^'At 

pzoimpb 

D"*Po 


pi78mHf 

P"'Np 
D"»Pu 

P"iAt 

pjOTpo 

P"«U(U„) 

D»*Pa 

(LiX.) 
D"*Th 

(UX.) 
(0-63%) 
D'"Pb 


•  Pile  Neutron* 


t  Artificially  Active 
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*  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radtation 

Radioactive 

Parent  or 
Daughter  of 

03340 

isam-j-g 

63m 

P"Tc 
Ancestor 

D^'Sb 

03347 

'"Th 
(RdAc) 

1817d 

D»"Ac 

P»»Ra 

(AcX) 
D**'Pa 
D»'U 

0335 

»"Sn 

18  Im 

Ancestor 

'••In 
piM^in 

0335 

»»""In 

450h 

"*Cd  {d,n) 
"»In  (/i,n) 

28  86 
95  77 

D"H:d 

0335 

"•Cs 

12  9d 

»"Cs  (n.y) 
'"La  (/!,«) 

t 
99  911 

13  ±4* 

0335 

"»Np 

2346d 

"•U  {a,pln) 

99276: 
99  276: 

D"^U 

pwtpu 

D*"Am 

0-335 

'••Au 

15-8h 

'"Ir  (a.2ii) 
'•«Pt  (rf,/i) 
>"Pt  (</,3/f) 

385 
078 
329 

D'^'Hg 
D'^'^Hg 

pi.spt 

03353 

MTU 

675d 

"•U  (/i.y) 
"•U  (/i,2/f) 

t 
99276: 

6  ±  1 

0-2 

P"'Np 

D*»'Pu 

0336 

i«»Cd 

55m 

>"Pd  (a,/l) 
"'Ag(/>,3n) 
•••Cd  (n,2n) 

096 

51  35 

1-22 

0336 

""Ac 
(MsTh,) 

6  13h 

»"Ac  (n.y) 

520  ±50 

D^^Ra 

(MsTh.) 
P»»Th 

(RdTh) 

0336 

zoiinpjj 

3  62h 

0337 

"»Pa 

22h 

P»"Ac 

P«*Th 
(RdTh) 

0-337 

i»7mp{ 

78m 

"•Pt  (/i,2n) 
"•Pt  (y,/i) 
"•Pt  (f/,;») 
•-Hg  (/l,a) 

7  19 
7-19 
25-2 
23-13 

*  Pile  Neutrons 


t  Artificially  Active 
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:  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron  \ 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0338 

«»Ra 
(AcX) 

ll-68d 

2-8 

D"'Th 

(RdAc) 
D^"Fr(AcK) 
P"»Rn(An) 

0-338 

iwpo 

8  8d 

«»*Pb  (a,2n) 

140 

paoegi 

D^^Rn 
D*»«At 

03390 

"*Re 

64-Oh 

"^Ta  (a,3/i) 
i"W  o,«) 
"='W  {d,2n) 

99-9877 

26-4 

26-4 

0340 

"Ru 

l-65h 

••Ru  {n,2n) 
»«Mo  (a,/l) 

5-57 
15-86 

0340 

"•Cf 

360y 

15 

D"»Bk 

0340 

"•Sn 

9-4d 

i"Sn  (w,y) 

5-98 
5-98 

4    ±  2mb 
0012% 

pi"Sb 

0340 

iiiAg 

7-6d 

"»Pd  {d,n) 
"^Cd(/2,/;) 
"K:d  (y,p) 

11-8 

12-75 
2407 

0-018% 

D"iPd 

£)Himpd 

0340 

»"Pm 

27-5h 

Di"Nd 

034 

••Rh 

4-7h 

"Ru  (/7,/i) 
•«Ru  {d,n) 

12-7 
1-91 

70 

D"Pd 

034 

»»«Pm 

2-7h 

""Nd  (^,2//) 

5-60 
5-60 

0341 

"•Tb 

5  6d 

0341 

"^Cd 

55m 

"'Ag  (/7,3«) 
"••Cd  (n,2n) 

0-96 

51-35 

1-22 

0341 

"»Pa 

27  Od 

•'«Pa  (/j,y) 
"*Th  (a,p2n) 

t 

loo: 
loo: 

760  i  100* 

D"»Th 

P"»U 

D"'Np 

0  3420 

•"Re 

20h 

0342 

»»».»Lu 

I8-7m 

0343 

»'Cu 

81 -58 

»'Ni(p,y) 

6776 

0343 

»^Bi 

6-4d 

""Tl  («,3«) 
»"Pb  {d,2n) 
»«'Pb  (c/,3/») 

70-50 

25-1 

21-7 

D"*Po 
D"«At 

03434 

»'»Hf 

70d 

>'«Hf(«,y) 
»"Lu  {d,2n) 

0163 
97-40 
97  40 

•  Fik  Neuironi 


-f  Artificially  Active 
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X  Naturally  Active 


y- Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cenr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation 
Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Racboactiv4 

Parent  or 

Daughter  ef 

0-344 

»"Eu 

9-2h 

'»Eu  (n,y) 

47-77 

1400  ±  300* 

»>Eu  id,p) 

47-77 

»"Eu  (n,2n) 

52-23 

0-345 

i"Eu 

12-7y 

0-345 

'«»Ag 

40d 

"»Pd  ip,n) 
"»Pd  (d,2n) 
"•Rh  (a,2n) 

22-2 
22-2 
100 

03452 

.orpo 

5-7h 

•^Pb  (a.3/l) 

25  I 

D»»Rn 
D«"At 

0-3455 

"Kr 

34-5h 

"Kr  (n,y) 
'•Se(a,n) 
"Bt  (d,2n) 
"BrO^./!) 

0354 
902 
5052 
5052 
0354 

20  ±0-5 

_ 

0-3459 

181Hf 

44  6d 

»"Hf(n,y) 
»"Ta  in,p) 

35-22 
99-9877 

10  ±  3 

0-347 

>"Tb 

8h 

"»Eu  (a,/l) 
»"Eu  (a,3/l) 
»*GdO>./.) 

47-77 

52-23 

215 

0-347 

>"Gd 

93d 

»"Sm  (a,2n) 
»»Eu  (p,3/i) 

15-07 

47-77 

0-347 

"•In 

43h 

'•'Ag  (a,2n) 

"•Cd  (a,p) 
"•Cd  (^./i) 
"•Cd(/»,y) 

51-35 

1-22 
1-22 
1-22 

Descendant 
•••Sn 

0-347 

"'Cd 

55in 

"»Pd  («,/») 
"'Ag(/>,3/i) 
"•Cd  (/i,2/i) 

096 
51-35 

1-22 

0-3473 

"»Tm 

29h 

P»"Er 

0-348 

^*'Gd 

29h 

P"»Eu 

0-3494 

206Bi 

14-5d 

D«"Po 
D"»At 
P»"Pb 

0-350 

"Se 

70s 

"Se(/i.y) 
••*U(/i/) 

9-19 

50  ±  25mb 
0-21% 

P"Br 

0-350 

"Se 

25m 

"Se(^j;) 

9-19 

P«^r 

0-35 

"Br 

31-8m 

"Rb  («,a) 

27-85 

0-35 

"Zr 

94m 

"Sr(«,n) 

0-56 

paTmy 

0-35 

"Mn 

l-7m 

Weak 

0-35 

1  sonify 

5-5  X  10-»s 

0-35 

"'Ho 

3 -Oh 

"•Er(y,/») 

27  07 

--IS 

*  Pile  Neutrons 


t  Artificially  Active 

93 


X  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

03510 

"«Re 

64^h 

"^Ta  («,3/i) 
"^W  (j),n) 
"*W  {d,ln) 

99-9877 

26-4 
26-4 

0351 

(Acq 

2  16m 

~— 

D^iPb 

(AcB) 

paiipo 

(AcC') 

(AcC") 
D"«At 

0351 

"•Ce 

33h 

"*Ce  (/l,y) 

1107 

0 95  ±  005 

Di"La 

"*Ce  {d,p) 

11-07 

■V 

P"'Pr 

•«U  (/!,/) 

5-4% 

Descendant 
i"Xe 

03520 

"*Pb 
(RaB) 

268m 

D"»Po 

(RaA) 
P"*Bi 

(RaC) 

0353 

»"Pb 

90m 

pi99Tl 

D^'Bi 

0353 

"Rh 

150d 

03540 

»"Re 

71d 

"»Ta  («,2/j) 
"*W  {d,n) 

99-9877 

14-4 

26-4 

D"»Os 

0-3540 

'•n'a 

5-Od 

'"Ta  (/l,y) 
•"W  {n,p) 

t 
14-4 
30-6 

17000  ±  2000* 

0354 

"•Au 

555d 

'••Pt  {p,n) 
»^Au  (/;,2/i) 
"'Au  (y,/i) 

33-8 
25-2 

100 

100 

0355 

».po 

8-8d 

"♦Pb  (a,2/l) 

140 

P»o«Bi 

D'^'Rn 

D*««At 

0356 

"'Pa 

3-43  X  10«y 

«>*Th  (</,3/i) 

loo: 

D"»Th(UY) 

P"'Ac 

D«"U 

0356 

iMjr 

lid 

»«'Re  (a,//) 
•••Os  (</,2/i) 
»»'lr  (/»,2w) 

62-93 

26-4 

38-5 

03566 

"Tb 

5  6d 

0  3569 

•••Tm 

29h 

P»"Er 

*  Pile  Ncuuoas 


f  Artificially  Active 
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X  Naturally  Active 


Y-Energy 
{MevJ 

Nuclide 

Half-U/e 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactivt 

Parent  or 
Daughter  of 

0-358 

IVSHf 

23 -6h 

»"»Yb  (a,/l) 

»"Yb  (a,2/i) 
"»Yb  (a,3n) 
'"Lu  (p,3n) 

303 
14-31 
21-82 
97  40 

P"»Lu 

0359 

"Th 

2212m 

»Th  (/I,y) 
»»Th  (d,p) 

loo: 

lOO: 

7-33  ±  0  12 

P~«Pa 

0359 

LornQs 

95m 

D  (3  2h) 

'••It 

0359 

"Se 

71h 

'•Gc  (a,/l) 
"As  (dAn) 

2055 
100 

0360 

"Te 

94h 

"•Te  (/i,y) 
>"Te  (</,p) 

"•Te  in,2n) 
'"I  (n,p) 

1871 
1871 

31  79 
100 

0  8  ±  0  2 

0  1 

D'"Sb 

(84%) 

0360 

>"Ba 

7-2y 

"«Ba  (/i.y) 

0097 

7±2 

D'^^Ba 

036 

••Kr 

2-77h 

•'Kr(/i,y) 

t 

<600 

P*»Rb 
D-Br 

036 

»"Ir 

3-2h 

»"Re  (a,n) 
'••Os  (d,n) 
'••Os  W,2/i) 

6293 
16  1 
264 

pi.«nOs 

036 

1.5£)y 

139-2m 

"*Dy(/i,y) 

28  18 

2100  ±  300* 

036 

i«5inj)y 

125m 

'"Dy(«.y) 

28-18 

510  ±  20 

03610 

»"Re 

20h 

0361 

">Gd 

3  6m 

^"Gd  (/l,y) 

219 

0  8  ±  0  3 

P»"Tb 

0-361 

joipb 

9-4h 

"Tl  (J,4/i) 

29  50 

P"»T1 
D  (62m) 

"'Bi 
D(185h) 

MIB, 

D"*Po 

0362 

I'^Os 

306h 

"K>s(/I,y) 

410 

16  ±04 

0362 

103pjJ 

170d 

^""PdC/i.y) 
"'RhC/;,!!) 
'"Rh  (t/,2/i) 

096 
100 
100 

4-8  ±  1-5 

P"»"Rh 
D'"Ag 

0364 

i"Gd 

18  Oh 

»Hjd  (/I,y) 

'"Gd  (</,/?) 
"«Gd  (y,/l) 

24-9 
24-9 
219 

4±2 

0364 

131J 

8  08d 

*"U(/i./) 

34-49 

2-8% 

80 

D»"Te 

puimxe 

0355 

isomjiQ 

5  Oh 

(-1%) 

03655 

i"Re 

20h 

*  Pile  Neutrons 


t  Artificially  Active 
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J  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cewr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

03656 

iMRe 

71d 

"='W  {p,n) 
"''W  id,n) 

99-9877 

14-4 

26-4 

D'«='Os 

0-3656 

"Ta 

5-Od 

"*Ta  in,y) 
"»W(/i,p) 
^"W  (y,p) 

t 
14-4 
30-6 

17000  ±  2000* 

0366 

»"Pb 

2-4h 

0366 

^•*Ru 

39-8d 

^"^Ru  (/l,y) 
^"^Ru  id,p) 
^"Ru  (y,/;) 

31-5 
31-5 
18-5 

144  It:  016 
3-7% 

piosmRj, 

0  367 

*«La 

195h 

"»Cs  ia,2n) 
"«Ba  (J,/2) 
»*Ba  0,/i) 

100 

2-42 
6-59 

W^Ce 

0367 

»»T>b 

90m 

D^'Bi 

0367 

*^Au 

48m 

"»Au  (n,y) 
"">Hgin,p) 

""Tl  (/I,a) 

t 
23-13 
29-5 

30  ±  15' 

24 

£)200pt 

03680 

lo^Y] 

26- Ih 

*»»Hg  (J,2«) 

100 
23-13 

D«oopb 

03680 

"«Bi 

11 -6h 

^"^Pb  (d,2n) 
""Tl  (a,3«) 

1-40 
29-50 

p204mpb 

£)204po 

0368 

"Gc 

11  3h 

'•Ge  (/7,y) 
'•Ge  (d,p) 
•"Se  (/I,a) 
"*U  in,f) 

7-67 

7-67 

49-82 

80  ±  20mb 
3-7  X  10-»% 

P"As 

0  368 

itmiHg 

42m 

"•Hg(«,/i) 

^"Hg(^,/7) 

"•Hg(/i» 

16-84 
10  02 
2313 

0368 

"Tb 

5-6d 

0368 

««Pa 
(UXO 

6-66h 

"»Pa  (w,y) 

t 

25  ±4 

P»*U(U„) 

D"*Pa(UXa) 
D*"Th(UX,) 
(0-63%) 

03685 

117U 

6-75d 

"•U  (/f,y) 
"•U  (w,2n) 

t 
99-276J 

6±1 

P"'Np 
D"»Pu 

0369 

««Sc 

3-92h 

"Ca  ip,n) 
"Ca  ( J,/i) 

0145 
0-64 

0-3693 

•^Po 

5-7h 

"•Pb  (a,3/l) 

251 

D»»Rn 
D«"At 

*  Pile  Ncutiofu 


t  Artificially  Active 
96 


I  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

liotope 

Thermal  Neutron 

Activation              Per  Cent           Radioactive 
Cross  Section      ,  Abtmdmce  of        Parent  or 

(Bams)  or         i  y-Radiation  ^     Daughter  of 
Pillion  Yield      !                         . 

0-370 

"Fe 

89m 

••Cr(a,/i) 

4-31 

\ 

"Fe  (/i,2w) 

5-84 

"Fe(y^) 

5-84 

0-370 

"'Gd 

29h 

P»"Eu 

037 

"Br 

17'2h 

^•Se(p,/T) 
"As  (a,3/l) 

902 
100 

D"Kr 

037 

"»Am 

458y 

D"'Pu 

0-37 

"Ni 

2-564h 

"Ni  (/l,y) 
"Ni  {d,p) 
"Cu  {n,p) 
"Zn  (/l,a) 

1-16 
1  16 
309 
18  56 

16  ±0-2 

037 

»"Xc 

3641d 

"•Xe  («,y) 

>"I  (</,2n) 
"*Te  (a,/f) 

0O90 
100 
100 

461 

D'"Cs 

0-371 

'"Cs 

30-7h 

>»n  (a,2n) 

100 

D>"Ba 

0-371 

"K 

22  4h 

"Ar  (a,p) 

99  600 

0-371 

(AcX) 

11  68d 

<M5 

D"Th 

(RdAc) 
D^'FrCAcK) 
P"»Rn(An) 
D"»Ac 

0371 

"»U 

675d 

"•U  (/f.y) 
»»U  (/i,2n) 

t 
99-276J 

6  ±  1 

P»^Np 
D"^Pu 

0-372 

"Mo 

66-Oh 

"Mo  (/I,y) 
"Zr(a./f) 

"Mo  C^,;?) 
»"Mo  (/i,2n) 
"•Mo  (y,/») 
•"U(/i,/) 

23-75 
2-80 

23-75 
9-62 
9-62 

0  45  ±  0  10 

6-2% 

ptimjC 

0-372 

"Nb 

14  60h 

"Zr  {d,2n) 
*'Zr  ip,n) 
"Mo  (J,a) 
•*Mo  (y,pn) 

51-46 
51-46 
15-86 
15-86 

D"Mo 

0-372 

»"Rh 

20-8h 

"Ru  (t/,/i) 
»"Ru  id,2n) 
^"Ru  (;7,/t) 

12-7 
12-7 
12-7 

D'"Pd 

0-373 

»'»Lu 

6-70d 

»"Tm  («,«) 
"»Yb  (j},n) 

100 

21-82 

D"»Hf 

0-374 

i*'Gd 

29h 

P»'Eu 

0-374 

»"Ba 

11 -5d 

>"Ba  (/i,y) 

0101 

10  ±  1 

P^^Cs 

0-3747 

ao4mp|^ 

66-9m 

"Tl  (d,n) 
*«^T1  (f/,3«) 
^"Pb  (w,n) 

29-50 

7050 

140 

D"«Bi 

*  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


97 


y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

1 

Thermal  Neutron 

Activation 
Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-3747 

"*Bi 

11  ^h 

^«*Pb  {d,2n) 

1-40 

p204nipjj 

*"T1  (a,3n) 

29-50 

D204po 

0-3747 

"»Ir 

74-37d 

"4r  {d,p) 
"»Ir  («,2n) 
^•*Os  {d,2n) 
''*Vi{y,pn) 

38-5 
38-5 
61-5 
410 
32-9 

700  ±200 

0-376 

"»Pa 

27-Od 

*"Pa  (/I,y) 
"^Th  {d,n) 
"^Th  («,/?2/7) 

t 
lOOJ 

loot 

760  ±  100* 

P»"U 

D*"Np 

0-378 

"»Au 

15-8h 

"^Ir  (a,2«) 
"*Pt  {d,n) 
"*Pt  (rf,3«) 

38-5 
0-78 
32-9 

1-4 

Di"Hg 

£)193mHg 
pi»3pt 

0380 

"*Bk 

4-98d 

"*Cm  {d,n) 
*"Am  (a,2n) 

t 
t 
t 

5-1 

£)245Cf 

P^«Cm 

038 

"Cu 

3-32h 

••Ni  {d,n) 
"Ni  (p,/7) 
"Ni(/7,y) 
"Cu  (y,2n) 

26-16 
1-25 
26-16 
69-1 

2-5 

D"Zn 

0-38 

"*Sb 

2-Oy 

»"Sn  (^,/i) 
"*U  (n,/) 

5-98 

0-023% 

D  (9-4d) 

i^^Sn 

pi26injg 

038 

""•Zn 

3h 

0  381 

**»Pu 

4-98h 

''"Pu  in,y) 

t 

19  ±  1 

0-7 

P-"Am 

0381 

•Tmy 

14h 

"•Sr  (^,/;) 
"Sr  {d,2n) 
"Sr  (/?,«) 

986 
7-02 
7-02 

Dx'Zr 
P"Y 

0  3814 

*»»Bi 

12-3h 

psospb 

p203mp^ 

D203po 

D^o'At 

0-3818 

"»08 

13-5h 

»»Re(/7,3H) 

3707 

pissRe 

0-382(?) 

"•Pb 

2-4h 

0382 

i.«I 

13-3d 

"»Sb  («,«) 
"»Te  (f/,w) 
»"Te  (/;,/!) 
"M  (/i,2/i) 

42-75 
699 

18-71 
100 
100 

0383 

iMiirpi 

3-5s 

D"*Pb 

0383 

"•Pb 

17m 

pusmyi 

03832 

"*Bi 

1 

145d 

Dtonpo 

D^o'At 
pao»p5 

*  Pile  Neutrons 


t  Artificially  Active 
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I  Nucuraliy  Active 


^(£f 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

ActivatioM         '     Per  Cent          Radioactive 
Cross  Section       Abundance  of        Parent  or 

{Bams)  or           yRadiation        Daughter  of 
Fission  Yield 
1 

0385 

"»E 

2003d 

0-03      !  D**»Cf 
D"»Fm 

0385 

'"Cs 

1  6m 

38           D'"Ba 

0385 

»»""Pb 

42m 

0-385 

IQIJC 

14  0m 

'••Mo  (d,n) 
••*Ru  (y,p) 

9  62 
31  5 

D"'Mo 

0-385 

i»7ni'p| 

054s 

0-385 

i^'Rh 

24m 

"•Pd  (y,p) 

267 

D"'Ru 

0-386 

«««Bi 

6-4d 

••»T1  (a,3/j) 

•••Pb  id,2n) 
"Tb  (d,3n) 

70  50 
25  1 
21  7 

D«««Po 
D»'»At 

0-387 

UTinyi 

054s 

0-387 

i.7inpb 

42m 

0-388 

"Ge 

404h 

••Ga  (d,2n) 

••GaO»,n) 

••Zn(«,w) 

602 
602 

2781 

D««As 

0-388 

•'Ga 

77 -911 

••Zn  (</,/!) 
"Zn(/»^) 

27-81 
4  11 

D^'Gc 

0388 

»»Os 

30-6h 

"»Os  (/i.y) 

410 

16  ±04 

0-388 

"K 

22-4h 

-Ar(a./,) 

99  600 

0-388 

U.J 

86s 

"*U(«./) 

3  1% 

0-389 

»»»Pa 

1  3ld 

»"Pa  (/l,y) 
••'Pa  (d,p) 
"»Th  (^,2/1) 
•••Th  ia,p3n) 

♦ 

loo: 
loo: 

200  ±  15 

P"«U 

0389 

82mRb 

63h 

'•Br(a,/i) 

50-52 

0-3892 

'•Kr 

345h 

"Kr(/i.y) 
"Se(«^) 
'•Br  (d,2n) 
"BrCp,/!) 

0354 
9-02 
5052 
5052 
0-354 

2  0  ±  0  5 

0390 

.smfc 

43  ■5m 

•*Mo  (^,w) 

15-86 

0390 

202mp^ 

3  62h 

039 

iismy^g 

l-2m 

D"^Pd 

039 

1.5Hg 

95h 

"'Au  (p,3n) 

100 

D"*T1 

0391 

i*'Gd 

29h 

P»"Eu 

0-392 

iianun 

104m 

"»Cd  (/;,«) 
"•Cd  (£/,/!) 
"•In  (n,n) 

12-26 
24-07 

4-23 

D"»Sn 

0392 

"»Sn 

119d 

"•Sn  (/I,y) 
"•Sn  (d,p) 
"•In  (/»,«) 

095 
095 

4-23 

13  ±03 

P"»»In 

""In  (r/,2«) 

4-23 

•PUe 

Neutrons 

t  Anificially 

Active 

I  Naturally  / 

Active 

99 


y-Energy      • 

{Mev)         '      Nuclide 


Half-Life 


Per  Cent     {  Thermal  Neutron 

Abundance  of  \  Activation 

Some  Modes            Relevant  Cross  Section 

of  Formation              Stable        1  (Barns)  or 

Isotope       (  Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0  392(?) 


0392 
0-393 
0393 
0393 


0393 
0394 
0394 
0394 


»Mn 


0394 
0396 
03961 

03977 


0398 
0398 


0400 


0400 


0*40 
0-40 
0-40 


lOSi 


*Ag 


"•Pb 

"K 

"•Cf 
wipb 


"Zr 

176Yb 

'•Kr 


»"Pb 


"«Pa 

'•Kr 
••Mg 
••2to 


21 -3111 


2-8m 
5  Oh 
3-5s 
40d 


17m 
22-4h 
360y 
94h 


85d 

29h 

lOlh 

34  5h 


24h 
64d 


27  Od 


1106d 


9-7h 
21  ^h 
9-33h 


"KIT  (d,2n) 
"Cr  (j),n) 

**Fe  (d,a) 


»«*Pd  (p,n) 
i"»Pd  id,2n) 
'"'Rh  (a,2/i) 

"At  ia,p) 

^""•Tl  (dAn) 


""Yb  (w,y) 
"•Yb(y,^i) 
"Kr  (w,y) 
'•Se  («,«) 
"Br  (d,2n) 
"Br  (jj,n) 
"Kr  (d,p) 

"»T1  (a,3/l) 
"•Pb  id,2n) 
"'Pb  (d,3n) 
*"Pa  (/J,y) 
»"Th  id,n) 
"»Th  (a,p2n) 
>"Nd  (n,y) 
"•Nd  (rf.p) 
•"U(/i,/) 

"Si  (y,2/>) 
"Ni  (a» 
"Zn  (y,2/i) 
••Cu  (;;,2n) 


83-76 

83-76 

5-84 

5-84 


22-2 
22-2 
100 

99-600 

29  50 


31-84 
12-73 

0-354 

902 
50-52 
50-52 
0-354 

70-50 
251 

21-7 

t 

loo: 

lOOJ 
1718 
17-18 


2616 
48-89 
691 


0-05(?) 


72 


60  ±40 
20  ±  0  5 


760  ±  100* 

18  ±  0  6 
2-6% 


]352pe 


D"*Pb 


pissmfl 

D*"Bk 

p201Yl 

D  (62m) 
D(l-85h) 

201Bi 
]3205po 
p88Y 
pi47Eu 


D*"Po 

D^'At 

D"»Th 

P"»U 

D«"Np 
puvpm 


P"Br 
P"A1 
P"Cu 


*  Pile  Nemrona 


t  Anifidally  Active 
100 


X  Naturally  Active 


Y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cen/         Thermal  Seutron 
Abundance  of  \        Activation              Per  Cent 
Relevant           Cross  Section        Abundance  of 
Stable                {Bams)  or           y~Radiation 
Isotope             Fission  Yield 

Radioactive 

Parent  or 

Daughter  of 

040 

"Ni 

36h 

»«Fe  (o,«) 
"Ni  (/j,2w) 
"Ni  (y,/i) 

5-84 
67-76 
67-76 

05 

P"Co 

040 

»Na 

60s 

»Mg(/i./>) 
"Mg(y.p) 

1011 
11-29 

~0-40 

"Sr 

25-5cl 

P~Rb 

0-40 

i»opuj 

2-7h 

"•Nd  (j>,n) 
"•Nd  {d,2n) 

560 
560 

0-40 

"*Tm 

63 -6h 

Weak 

D"»Er 

-0-40 

188pt 

10-Od 

piMjr 
D'"Au 

-^4 

"•Sb 

9h 

D'"Sn 

04 

"•In 

17-5m 

"•Sm  (y.p) 

32-97 

D(lOm) 

"•Cd 
D  (2-9m) 

"•Cd 

04 

isomTa 

8-15h 

"Ta  (n,2n) 
"^Ta  {y,n) 

99-9877 
99-9877 
26-4 

Very  weak 

-^-4 

"•Eu 

120d 

"•Sm(p,/i) 

13-82 

0-401 

"*Au 

4-7h 

"»Ir  (a,3/i) 
»"Pt  idjji) 

38-5 
0-78 

D"»Hg 

0401 

i87ir 

13h 

»»Re  (a.2«) 
"•Os  (t/,3n) 

37-07 
13-3 

0401 

i»ojr 

lid 

"'Re  («,«) 
"•Os  (</,2/i) 
"4r  (rt,2«) 

62-93 

26-4 

38-5 

0401 

"»Rn 
(An) 

3 -928 

4-8 

D"»Ra 

(AcX) 
P"*Po 

(AcA) 
D»"At 

0  401 

208P5 

521h 

"Tl  (</,2/i) 
"»Tl(/j./.) 
»"Pb  {n,2n) 
»«*Pb  (y,n) 

29  50 

29-50 

1-40 

1  40 

D»««Bi 

0402 

i.s-n 

5-3h 

0402 

"Se 

121d 

"Se  {n,y) 
"As  (J,2w) 
"As  (p,/i) 

0-87 
100 
100 

26  ±6 

04024 

.07po 

5-7h 

"•Pb  (a,3/i) 

25-1 

D«"Rn 
D^'At 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


Per  Cent 

Thermal  Neutron  ' 

Abundance  of 

Activation             Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section       Abundance  of 

Parent  or 

{Meof 

Nuclide 

Half-Ufe 

of  Formation       , 

i 
1 

Stable 
Isotope 

(Barns)  or           y-Radiation 
Fission  Yield 

Daughter  of 

0403 

«^Kr 

78m 

"Kr(/i,y) 
»»Kr  (d,p) 
«^Rb  in,p) 

17-37 

17-37 
27-85 

60  ±20mb 

D"Br 

0404 

""At 

8-3h 

^"•Bi  (a,3w) 

100 

p210po 
p206Bi 

0404 

21ipb 

(AcB) 

36-lm 

^ 

-- 

J)215po 

(AcA) 
P"iBi(AcC) 

0405 

"»Au 

3  Oh 

i»ilr  (a,4n) 
^•^Pt  id,3n) 

38-5 
0-78 

pi9ipt 

Di"Hg 

0405 

204Bi 

11  6h 

"♦Pb  (t/,2«) 
^"'Tl  (a,3n) 

1-40 
2950 

p2a4mpjj 

J)204po 

04057 

207po 

5-7h 

^°«Pb  (a,3n) 

25-1 

D^"Rn 
D*«"At 

0406 

n.min 

53  •99m 

'i*In  («,y) 
"*ln  (d,p) 
"•Cd  (p,/i) 

95-77 

95-77 

7-58 

155  ±  10 

25 

0406 

Mipb 

94h 

="'TI  (dAn) 

29  50 

P201TJ 

D  (62m) 

201BJ 

D(l-85h) 

201Bi 
£)205po 

04066 

'"Rc 

71d 

">Ta  (a,2w) 

"»W  (/7,/l) 

»«W  (^,w) 

99-9877 

14-4 

26-4 

D"»Os 

04066 

•"Ta 

50d 

»**Ta  (/i,y) 
>"W  in,p) 

t 
14-4 
306 

17000  ±  2000* 

I 

0407 

'•••"Ho 

5  Oh 

D"»Er 

0408 

•••Ag 

8-2d 

""Rh  («,/7) 
>'"'Pd  id,n) 
•"•Pd  (p,/;) 
""Ag  (n,2n) 

100 

22-2 
27-3 
51-35 

^ 

0409 

»•] 

I2  6h 

'"I  (w.y) 
'»Te  (</,2/i) 
'»Te  (p,/i) 
'"Cs  (/;,«) 

t 
34-49 
34-49 
100 

n  4  4 

\ 

0410 

1 

"»Ac 
(MsTh,) 

1 

6l3h 

"'Ac  (/i,y) 

+ 

520   i:  50 

D"»Ra 

(MsTh,) 
P»"Th 
(RdTh) 

0-41 

•••Tc 

I4  0m 

•••Mo  (^,n) 
'"Ru  (y./7) 

962 

31-5 

D"'Mo 

*  Pile  Ncuiroftk 


t  Artificially  Active 
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*  Naturally  Active 


y-Energy 
(Mev) 


Nuclide 


Half-Life 


Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation 

Some  Modes 

Relevant 

Cross  Section 

of  Formation 

Stable 

(Bams)  or 

Isotope 

Fission  Yield 

Per  Cent  Radioactive 

Abundance  of        Parent  or 
y-Radiation        Daughter  of 


041 


0-41 
0-41 
041 
0  411 


0  411 


0  411 
0  411 


0-411 
0-4118 


0  412 
0  412 


0  4122 
0-4152 

0  416 
0-4166 


"*Ra 
(ThX) 


"•Sb 
"•Pa 


*Cs 


"•Cs 

"'Cs 


""Au 


"«Eu 

io.pd 


«"Pb 
(ThB) 

'"Au 


3-64d 


60in 
105m 
8-7h 
22h 


322m 


30-7h 
6-3h 


53h 
2-697d 


12-7y 
13-5h 


11  6h 
10  64h 

4-7h 
74-37d 


"»Ra  (/i,y) 
"•In  (a,3n) 


»"Ba  (n,p) 
»"Cs(/i,y) 

»"I  ia,2n) 

»"I  (a,4/l) 


"'Au  (n,Y) 
"'Au  (d,p) 
>"Hg  (/»,/») 
"•Ft  (p,n) 

'""Pd  (/i,y) 
'•"•Pd  (d,p) 
"•Pd  iY,p) 

"•Ag(/l,/7) 

"»U  in  J) 
"*Pb  (d,2n) 
"Tl  (a,3/l) 


">Ir (a,3«) 
»"Pt  (^,2«) 
">Ir  (n,y) 
"»Ir  (^,p) 
"»Ir  (n,2n) 
"»Os  (</,2«) 
^•«Pt  (y,^n) 


95  77 


30-6 


71-66 

t 

100 
100 


100 

100 
10-02 
10-02 

26-7 
26-7 
11-8 
48  65 

1-40 
29  50 


38-5 
0-78 
38-5 
38-5 
61-5 
41-0 
329 


130  i20' 


xlO 


<2 


%  ±  10 


10  ±2 


0-028% 


700  ±200 


Weak 


D«*Th 

(RdTh) 
P»*«Rn(Tn) 
D«*Ac 


D"»U 

P"*Ac 

P«»Th 

(RdTh) 

D»»«Xc 

Descendant 
It.] 

D'»Ba 
P'"Xc 

P'*""Xe 

(-0  01%) 
D"^Ba 


[D>»«Rh]  ? 
P^^Ag 


ptoimpjj 

D"«Po 
D"»Po 

(ThA) 
P"*Bi 

(ThQ 
D'^Hg 


*  Pile  Neutrons 


t  Anificially  Active 
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X  Naturally  Active 


Thermal  Neutron 


y-Energy 
(Afw) 

Nuclide 

Half-Life 

1 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Activation 
Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y- Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-417 

«7Cf 

2-5h 

0  417 

»»Pa 

27-Od 

1 

"*Pa  {n,y) 
"*Th  {d,ti) 
»*Th  {a,p2n) 

t 

loo: 
loot 

760  ±  100* 

P233U 

D^"Np 

0-418 

"Ge 

11 -3h 

"Ge  {n,y) 
"Ge  {d,p) 
""Se  (/I,a) 
»*U  (//,/) 

1-61 

7-67 

49-82 

80  ±  20mb 
3-7x10-='% 

P"As 

0-418 

itrie 

9-4h 

"«Te(«,y) 
"«Te  id,p) 

"«Te  {n,ln) 
'"I  {n,p) 

18-71 
18-71 

31-79 
100 

0-8  ±  0-2 

0-8 

Di27mjg 

D»"Sb 

(84%) 

0420 

••Pd 

21 -6111 

P  (4-7h) 

"Rh 

0-42 

»"Sb 

88h 

»«U  in  J) 

0094% 

pisTTe 

(84%) 

pi27mjg 

(16%) 
D'"Sn 

042 

-Nb 

14-60h 

»«Zr  {d,2n) 
•"Zr  {p,n) 
•*Mo  {d,a) 
•*Mo  (y,pn) 

51-46 
51-46 
15-86 
15-86 

D»»Mp 

042 

"Br 

17-2h 

^•Se  {p,n) 
"As  (a,3/l) 

902 
100 

D"Kr 

042 

"•Ra 

1622y 

-2  X 10-* 

D»Th 

do) 
P-"Rn(Rn) 

0-42(?) 

••Cu 

81 -58 

"Ni(/7,y) 

(Hit 

042 

"•Xc 

17m 

pi"Cs 

042 

i«I 

6-68h 

•"U  (/»,/) 

5-6% 

6-9 

pi3*mxe 

(30%) 
P'»»Xe 

(70%) 
D'»Te 

0-42 

"•Sb 

19in 

0-42 

Mtm.tMinj^ 

6-2  X  lO-^s 

042 

^••Ho 

>30y 

042 

"•Ir 

23h 

"•Pt  (y.p) 
"»Pt  (n,p) 

151 
33-8 

D'^'Os 

0-421 

•"Nd 

15m 

P'»«Pm 

0  4215 

•••Bi 

11 -6h 

"«Pb  {d,ln) 

"Tl  (a.3//) 

1-40 
29  50 

pi04mpb 

D'-'To 

•  Pile  Ncutront 


t  Artificially  Active 


X  Naturally  Aaivc 
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Nuclide 


Half-U/e 


Some  Modes 
of  Formation 


Per  Cent 
'  Abundance  of 
'      Relevant 

Stable 
j       Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  C€M 
Abwidaiieteff 
y-Radiatitm 


RadioaetixM 

Parent  or 
Daughter  of 


0427 


i»«Tb 
"•"Rb 
»"Nd 


]  timp^ 

"»Au 


'Ta 


•Pd 


«"Pb 
(AcB) 

"•Au 


i»«'ri 

"Ta 
"•In 


*Ge 


3-62h 
95m 
5-6d 
6-3h 
2-Oh 


12-2m 
15-8h 


S3h 
135h 

36  1m 
5-55d 

l-8h 
13h 

21h 

4-8s 

43h 

82m 
2003d 


'•Br  (a,n) 
•"Nd  (/l,y) 
"•Nd  {d,p) 
»"Nd  in,ln) 

••'Ir  (a.2w) 
"«Pt  {d,n) 
"*Pt  (</,3/i) 
"»Lu  (a,2/l) 
"•Lu  (a,3/l) 
'"Hf(p,n) 
"•Pd  (/i,y) 
"•Pd  {d,p) 
"•Pd  (y,p) 
"•Ag(/i,p) 


'•»Pt  (d,n) 
"•PtO>,n) 
"^Au  (/i,2/i) 
"'Au(y,/i) 

"•Re  (a,2w) 
"«Os  (f/,3/i) 
"»Lu  (a,/l) 
"•Hf(/>,/i) 


"'Ag  (a,2/l) 

"•Cd  («,/>) 
"•Cd  (c/,/i) 

"•Cd(/,,y) 

^*Ge(/i.y) 
'H3e  {d,p) 
'•Ge  (/i,2/i) 
"As(/i,p) 


5052 
5-72 
5-72 
560 

38  5 
0-78 
32  9 
97  40 
260 
18-56 
26-7 
267 
11-8 
48  65 


33-8 
25-2 
100 
100 

37  07 
13-3 
97  40 
271 


51-35 

1-22 

1-22 

1-22 

36-74 

36-74 

767 

100 


3-7  ±  1-2 


10  ±2 


(W)28% 


0-21  ±0-08 


025 


Weak 


D"*Po 


P'*»Pm 


D"»Hg 

D'»»™Hg 

P"»Pt 


fD"^RhJ  ? 
P"^«Ag 


D"»Po 

(AcA) 
P«"Bi(AcQ 


D"«Pb 


P""»Hf 

D(21h) 

i78Ta 
Descendant 

"•Sn 


0  005      !  D»»Cf 
D"»Fm 


♦  Pile  Neutrons 


t  Artificially  Active 

lOS 


J  Naturally  Active 


y-Energy 

{Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent     ' 

Abundance  of 

Relevant     \ 

Stable        I 

Isotope 


Thermal  Neutron  I 

Activation         i     Per  Cent 
Cross  Section       Abundance  of 


(Barns)  or 
Fission  Yield 


y-Radiation 


Radioactive 

Parent  or 
Daughter  of 


0-43 
043 


043 


043 


043 
0432 


0-433 


0-4348 

0435 

0436 

0436 


0437 


0438 


0438 


0438 


"Br 


»'«<M 


«Ag 


"»Er 
(ThQ 


04330  "*Hf 


'••Ir 

"•Rh 

'"Au 

*»Nc 
"»Bi 

"•"Ag 
••■•Zn 


31-8m 
20y 


3  Oh 


2-3m 


75m 
60-5m 


70d 


55m 


15h 
130m 
4-7h 

40-2s 


47m 


40-22h 


253d 


13  8h 


"Rb  in,a) 
*"Sn  id,n) 

"*U  (/I,/) 
"•Cd  (n,y) 

"«Cd  id,p) 
^"'Ag  (n,y) 
^"'Ag  (d,p) 
»<»«Cd  in,p) 


"*Hf(//,y) 
'"Lu  (d,2fi) 
"'Lu(/7,//) 
"*Pd  (a,n) 
'"Ag(/7,3n) 
"«Cd  in,2n) 


">Ir  (a,3/i) 
"»Pt  (d,2n) 


22 


21 


Ne  (/i,y) 
Na  (n,p) 
Mg  (w,a) 


"•La(/i.y) 

•"Ce  (/»./;) 
'"Ag  (n,y) 
'"Ag  (d,p) 
""Pd  (^,2//) 
•-Zn  (n.y) 
"Zn  (^,p) 
"Ga  (^,a) 


27-85 
5-98 


7-58 

7-58 
51-35 
51-35 

0-88 


0163 
97-40 
97-40 

0-96 
51-35 

1-22 


38-5 
0-78 
8-82 
100 
11-29 


99-911 
99-911 

88-48 
48-65 
48-65 

n-8 

18-56 
18-56 
39-8 


0023% 
1-5  ±  0-3 


45  ±4 


36  ±  15mb 


8  2  ±  0-8 


3  2  ±  0-4 


97  t  lOmb 


D  (9-4d) 

pi28m'pg 

Ancestor 

"""In 
D"'Ag 


D"*Pb 

(ThB) 

p218po 

(ThC) 

p208'J'| 

(ThC") 
D"«At 


£)186pt 


D'»»Hg 


D«"At 

p21Spo 
p20»'T'l 

D'^Ba 


P"»Ag 


P"Zn 


*  Pile  Neutron* 


t  Artificially  Active 
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X  Naturally  Active 


t     . 


y-Energy 

(Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Prr  Cent 
Abundance  of 

Relevant 
Stable 
I       Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  RadioacttV4 

Abundance  of        Parent  or 
y- Radiation        Daughter  of 


0-4385 
0-4391 
0-440 


044 
044 
0-44 
044 
0-44 
0-441 


0-441 


0-4419 
0-442(?) 

0-442 


0-443 
0-443 


0-445 
0-445 

0-445 


0445 


204BJ 
202^1 


240Np 

**Br 


*"Ra 
(AcX) 


i"Re 
i87ir 


»Rh 


108Ag 


*"Rn 


»Pa 


"Pa 


11  6h 
120h 
15-8h 


260h 
60m 

3-8m 
300d 

6-Om 
11  06d 


1 1  -68d 


20h 
13h 

208h 


5-5h 
40d 


12-7y 
16h 

22h 


17-7d 


••*Pb  (d,2n) 
•••n  (a,3/j) 
•"Hg  id,2n) 
»»T1  (n,2n) 
'•'Ir  (a,2/i) 
»"Pt  id,n) 
»"Pt  (d,3n) 
"»U  (/I,/) 
"•Np(/f.y) 


'"Nd  (/f,y) 
»"Nd  (d,p) 
"»U  (/I,/) 


»"Re  (a,2n) 
"•Os  id,3n) 
••Ru  (dM) 
»*«Ru  id,2n) 
'"•Ru  (p,n) 
"•Hf  (n,y) 
"»Pd(p,/i) 
"»Pd  (d,2n) 
"»Rh  (a,2/i) 

•"Bi  (a,2n) 


"«Th  (</,4/i) 
"*Th  (a,;?5/i) 
"«Th  (d,2n) 
»"Pa  (^,/>2rt) 


1  40 
2950 
29  80 
29  50 
38-5 

078 
32-9 

t 


1718 
17  18 


37  07 
13-3 
12-7 
12-7 
12-7 
13-75 
22-2 
22-2 
100 

100 


loo: 

100  J 


*  Pile  Neutrons 
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31 


50% 
25  ±  15* 


18  ±06 
26% 


60 


V 


80 


P»«"Pb 

D»»*Po 

D«*«Pb 

Di"Hg 

D'"'"Hg 
pi..pt 

ptiy 
D'"Ba 


P'"Pm 


D"TTi 

(RdAc) 
D"»Fr 

(AcK) 
P»>»Rn(An) 
D"»Ac 


D>»«Pd 


P"'At 

ptorpo 

D*"U 
P»"Ac 
P"«Th 

(RdTh) 
P»»«U 
P"Th(Io) 
P"«Ac 


X  Naturally  Active 


Y-Energy 

{MevY 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Dat4ghter  of 

0446 

iiwny^o 

253d 

^-Ag(/;,y) 
"•Ag  {d,p) 
"»Pd  {d,2n) 

48-65 
48-65 
11-8 

3-2  ±  0-4 

piio^g 

0446 

"»Ra 

(AcX) 

ll-68d 

— 

D«"Th 

(RdAc) 
D*"Fr(AcK) 
P"»Rn(An) 
D^'Ac 

0448 

"Tm 

85d 

"»Ho(a,/i) 
""Er  {p,n) 
"•Tm  {n,ln) 

100 

27-07 

100 

0448 

lotpd 

13-5h 

"»Pd  {n,y) 
"«Pd  {.d,p) 
""Pd  iy,p) 
"•Ag(/i,/;) 
»»U  (/I,/) 

26-7 
26-7 
11-8 
48-65 

10  ±  2 
0-028% 

Weak 

[Di»«Rhl  ? 
P»»"»"Ag 

0449 

*»*Np 

440d 

"*U  (</,3/i) 
»*U  {a,pAn) 
"*U  (/7,2«) 
*"U  {d,n) 
*"U  (ct,/>2/;) 

0-720: 
0-720: 
0-720J 

t 

X 

D"*Pu 

0450 

"Rb 

4-7h 

•»Br  (a,2«) 

50-52 

• 

P"™Kr 
D"Sr 

0  45_ 

i"Tc 

24-8m 

'»Te  («,y) 
""Te  (^,p) 

34-49 
34-49 

0  22  ±  005 

pisij 

D"iSb 

045 

**Tl 

2-2m 

D^'Bi 
p.o.p5 

0  451 

••Nb 

23-35h 

••Zr(p,/i) 
•"Mo  (f/,a) 

280 
23-75 

27 

0452 

»"Bi 
(ThC) 

605m 

D«"Pb 
(ThB) 

paiapo 

(ThC) 

psosYi 

(ThC) 
D"*At 

0453 

"TTi 

2212m 

"TTi  (/i,y) 
••«Th  {d,p) 

loo: 
loo: 

7-33  ±  012 

1 

P»»Pa 

0454 

>"Rc 

16-7h 

«"Rc  (/J,y) 
"'"Rc(f/,p) 

6293 
6293 

75  ±  15 

004 

u»»w 

0455 

»»m 

7-4h 

»"Au  (a,2n) 
'"Hg  (</,2/i) 

100 
16-84 

D"»Pb 

*  File  Neutrofu 


t  Artificially  Aaivc 
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X  Naturally  Aaive 


y-Energy 
(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  C«»r 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radioacttv4 
Cross  Section        Abtatdanceof        Parent  or 

(Barns)  or            y-Radiation  '     Daughter  of 
Fission  Yield                              i 
1 

0-455 

'"Ce 

8-7h 

"•Cc  (n,y) 
"•La  {dM) 
"•La  ipM) 

0  193 
99  911 
99  911 

6  3  ±  1-5 

3 

D"*Pr 

0455 

"»Pa 

1  31d 

"»Pa  (n.y) 
"»Pa  id,p) 
"«Th  {d,ln) 
•••Th  (a,p3/i) 

* 

loo: 
loo: 

200  ±  IS 

pmy 

0455 

•»Y 

104h 

D»»Sr 

0-456 

»"Sb 

88h 

«"U  (/!,/) 

0094% 

P"Tc(84%) 

pitfinj^ 

(16%) 
D"'Sn 

0458 

"•Ac 

(MsTh.) 

6  13h 

•"Ac(/i,y) 

4 
♦ 

520   r  50 

D«'«Ra 

(MsTh.) 
P^^^Th 

(RdTh) 

0460 

toampij 

3-62h 

0460 

»«'Cf 

2-5h 

0460 

"K)s 

306h 

"•Os  (n,y) 

41 0 

16  ±04 

046 

K8J 

24  99m 

•"1  (H.y) 
"•Tc  {dOn) 
"•Tc(;»^) 

100 

31-79 
31-79 

5  6  ±  0  3 

17 

046 

••Cu 

81  Ss 

••Ni(p,y) 

67-76 

046 

i"Xe 

18-Oh 

"•Tc  («,/f) 
"«Xc  (/f,y) 

2-46 
0096 

P"»I 
D"*Cs 

0-46 

»"Sb 

2(>y 

"«Sn  (</.«) 

5  98 

0023% 

D  (9  4d) 

"»Sn 
P»"«Ie 

0-46 

M.pr 

24-4m 

d"h::c 

0-461 

'*»Gd 

93d 

"'Sm  («,2«) 
">Eu  {pM) 

15-07 
47-77 

0-463 

-"•Po 

8-8d 

•"Pb  (a,2H) 

140 

P»««Bi 

D"*Rn 

D»»«At 

0-463 

"«Cs 

32-2m 

"•Ba  (/!,/») 

71-66 

23 

D»*Xe 

"'Cs  (/l.y) 

t 

<2 

Descendant 
"•1 

0-463 

84mRb 

23m 

•»Br  («,/i) 

49-48 

••Rb  (/f,2n) 

72-15 

0-464 

stmRb 

63h 

"Br  («,/r) 

5052 

0466 

»"Pa 

22h 

D»»«U 
P"«Ac 

P«*«Th 
(RdTh) 

*  Pile  Neutrons 
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*  Naturally  Active 


y-Energy 
(Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


'     Per  Cent     !   Thermal  Neutron 
Abundance  of ;         Activation 


Relevant 
Stable 
Isotope 


Cross  Section 

(Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0-467 
0-4680 

0469 


0470 
0470 


0-47 
-047 

047 


0-47 
0-471 


0472 


0472 
0472 

0-473 


04734 
0-474 

0473 


»»*Au 
"«Ir 


•Po 


"Br 


*Sn 


*Bi(ThQ 


"Ne 


••*Bi 
••»Rh 


4-7h 
74-37d 

8-8d 


20h 
400h 

31-8m 
35ci 

9-4<i 


"*Tc  4-5m 

iiom^g       ,     253d 


605tn 


-O02s 
338ni 

2  07y 


11  6h 
210d 


•Pi 


31m 


"4r  («,3/i) 
"*Pt  {d,2n) 
"ilr  (w,y) 

""Ir  {n,ln) 
"*Os  {d,2n) 
"*Pt  {y,pn) 
"*Pb  {a,2n) 


"'Au  {dAn) 
"'Au  (p,3n) 
"Rb  (/I,a) 
"•Pu  («,3/i) 
«"Am  0,n) 
"«Sn(/»,y) 
»*SnU/7) 
««U  («,/) 

"»Ag  (//,y) 
"•Ag(^,p) 
"»Pd  (^,2n) 


»»Cs  (w,y) 
»»Cs  {d,p) 
>»*Xe  (</,2/i) 
"♦Xe  (/?,/;) 
«»«Pb  {d,2n) 
••Tl  («,3w) 
•••Ru  (d,n) 
»»«Rh  (/7,2w) 
»"Rh  (y,/J) 
»»»Pt  (w,y) 
•••Pt  (^,/7) 
•••Hg  {n,u) 


38-5 
0-78 
38-5 
38-5 
61-5 
41-0 
32-9 
140 


100 
100 

27-85 

t 

t 

5-98 

5-98 


48-65 
48-65 
11-8 


100 
100 
10-44 
10-44 
1  40 
29  50 
17  0 
100 
100 
719 
719 
29-80 


700  ±200 


4  ±  2mb 
0-012% 
3-2  ±  0-4 


30  ±  1 


3  9  ±  0-8 


Di»2Hg 


p20«Bi 

D^^Rn 

D^^'At 

pi95Hg 

pi'sm^U 
p237mpjj 

P"»Sb 


pilOAg 


D"*Pb(ThB) 
P"*Po 

(ThC) 

p208'J'| 

(ThC) 
D^-At 
D**Ne 

p24inNa 

P"Na 


p204mp^ 

D*"Po 


*  Pile  Ncutroni 


t  Artificially  Active 


X  Naturally  Active 


no 


^"Sf 

Nuclide 

!       Half-Life 

Some  Modes 
of  Formation 

1 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation  Per  Cent  Radioactive 
Cross  Section        Abundance  of        Parent  or 

(Bams)  or  y-/?ad!iarM»f  Daughter  ef 
Fission  Yield 

0475 

it*m'YQ 

33  5d 

»**Te  (n,Y) 

31-79 

15  ±  5mb    1                   [  P'»Te 

"Te  id,p) 

31-79 

"•Te  in,2n) 

34  49 

•"U(/i,/) 

019% 

0475 

"•Te 

72m 

"Te  (/i,y) 
"Te  (d,p) 
"•Te  (/I.2/I) 
»»Te  (y,/i) 

31  79 
31  79 
3449 
34  49 

0  13  ±003 

D»»«Te 
D'»^b 

04760 

"»Hf 

44  6d 

'-"HfC/i.y) 

35-22 
99  9877 

10  ±  3 

0-476(?) 

*"Pa 

27-Od 

»*Pa  (/l.y) 
"«Th  (a,/>2/i) 

t  • 

loo: 
loo: 

760  ±  100* 

D»Th 
D"»Np 

0-477 

»"Au 

lS-8h 

">Ir  (a.2/j) 

"»Pt  (</,/!) 

"«Pt  (d,3n) 

38-5 
078 
329 

0-5 

D"»Hg 

D"»"Hg 
pi..pt 

0-477 

»Ge 

82m 

'*Ge(n,Y) 
"Ge  (</,/)) 
»«Ge  in,2n) 
"As  (/i^) 

3674 
3674 
7-67 
100 

0-21  ±0-08 

0477 

"Co 

18-2h 

"Fe(p,y) 

5-84 
5-84 

P"Fc 

0-4772 

""Os 

135h 

'"Re  (p,3/i) 

3707 

P"»Re 

04773 

'Be 

5361d 

*Li  (</,/!) 
'Uip,n) 

7-42 
9271 

0-478 

188Re 

16-7h 

'"Re  (/i,y) 
»'Re(t/./,) 

62-93 
62  93 

75  ±  15 

06 

D'"W 

0479 

""Ir 

41  5h 

»"Re  («,3n) 
"»Re  (a,/i) 
"«Os  (J,2/i) 
"•Os  {d,3n) 

6293 
37-07 
133 
161 

D»"Pt 

04795 

187W 

240h 

"•W  (/l.y) 
"•W  id,p) 

28-4 
28-4 

34  ±7 

048 

11«I 

13  3d 

'"Sb  (a,/l) 
"»Te  (^,/») 
»Te(/».n) 
"'I  (/i,2/i) 
"'1  (y,«) 

42-75 
699 

18-71 
100 
100 

0-48 

•ay 

3  60h 

•*Zr  (^,a) 

17-11 
17-40 

D»>Sr 

048 

-'"'Ra 

38s 

7  X  10-« 

D»»Th 
P"»Rn 

D-"Fr 

•PUe 

Neutrons 

t  Artificially 

Active 

X  Naturally  Active 

11 

1 

y-Energy 
{Mev) 

Nuclide 

Half-Ufe 

1 

Some  Modes 
of  Formation      i 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

0-48 

"Ni 

6-4d 

"Fe  ia,2n) 

5-84 

P"Co 

0-48 

"Ca 

4-7d 

••Ca  {d,p) 

0-0033 

~5 

P"Sc 

0-481 

"»La 

19-5h 

'"CS  (a,2«) 

"♦Ba  {d,n) 
'«Ba(/>./i) 

100 
2-42 
6-59 

D"*Ce 

0-4820 

181Hf 

44-6d 

'«''Hf(/i,y) 
'"Ta  {n,p) 

35-22 
99-9877 

10  ±3 

0-482 

»«Kjd 

3-6m 

"«Gd  (n,y) 

21-9 

0  8  ±  0-3 

pi.iXb 

0-483 

87  Y 

80  Oh 

"Sr  («,/;) 

0-56 

£)87mY 
p87msr 

0-4848 

"*Ir 

74-37d 

"^Ir(/i,y) 
'"Ir  {d,p) 
"»Ir  {n,ln) 
"*Os  (J,2n) 
"«Pt  (y,/7W) 

38-5 
38-5 
61-5 
41-0 
32-9 

700  ±200 

0485 

>"Gd 

29h 

P"»Eu 

0487 

"'Re 

20h 

0487 

"'Pb 
(AcB) 

361m 

D"*Po 

(AcA) 
P"'Bi 

(Acq 

0489 

'"Re 

20h 

0489 

'"Ba 

11  5d 

"•Ba  (/i,y) 

0101 

10  ±  1 

P"'Cs 

0490 

202inp^ 

3-62h 

a490 

"•La 

4022h 

'"La  (rt,y) 
'"La  (^,/7) 
'"Ce  (/I,;?) 

99-911 
99  911 

88-48 

8-2  ±  0-8 

D""Ba 

0490 

'•»Au 

15-8h 

'•'Ir  (a,2n) 
'•*Pt  (J,/i) 
"*Pt  (J,3/i) 

38-5 
0-78 
32-9 

0-55 

D'"Hg 

D'»""Hg 

P'"Pt 

049 

"»n»Cd 

43d 

»"Cd  (n,y) 

"•Cd  (y,n) 
"«Cd  {d,p) 

28-86 

7-58 
28-86 

014  ±  003 
8xl0-«% 

D"^Ag 

(9%) 

049 

"»Cd 

53h 

"«Cd  (/i,y) 
"♦Cd  (d,p) 

»»«Cd  (/i,2n) 

28-86 
28-86 

7-58 

11  ±0-3 
0  01 1  % 

pmmin 

D'"Ag 
(91  %) 

049 

'""Zn 

3h 

0491 

»T1 

7  4h 

'•'Au  (a,2/l) 
»»»Hg  (J,2/i) 

100 
16-84 

D»"Pb 

*  Pile  NeutroiM 
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X  Naturally  Active 


P«-  C«ir 

Thermal  Neutron                             j 

! 

Abundance  of 

Activation              Per  Cent          RmHometifOt 

y-Energy 

(Mev) 

Some  Modes 

Relevant 

Cross  Section       Abundance  of '       Parent  or 

Nuclidt 

Half-Life 

of  Formation 

Stable 

{Bams)  or            y-Radiation        Daughter  </ 

Isotope 

Fission  Yield 

0493 

'"Cc 

33h 

"»CC  (/I.y) 

11-07 

0  95  It  0O5 

D"»La 

"•Ce  id,p) 

11-07 

pu.pr 

"•U  (/.,/) 

S-A% 

Descendant 
»*»Xc 

0493 

-I 

86s 

•"U(/i,/) 

31% 

0-4936 

«o&Bi 

14-5d 

D»^*Po 
D»»»At 
P«*»Pb 

0496 

"•Gd 

93d 

"'Sm  (a,2n) 
»»Eu  ip,3n) 

15^7 
47-77 

0496 

"Ga 

77-9h 

••Zn  (d,n) 
•»Zn  (p,n) 

27-81 
411 

D^^Ge 

0-4961 

'"Os 

13-5h 

"»Re  0».3/i) 

37-07 

P'*»Rc 

0497 

»»«Bi 

64d 

•••Tl  (a,3/l) 
•••Pb  {d,2fi) 
••Tb  (J,3/i) 

7050 

251 

21-7 

D«^*Po 
D"*At 

0-498 

"»Ba 

U-5d 

"•Ba  (n,Y) 

0101 

10  ±  1 

P"»C« 

0-498 

'"Ru 

39-8d 

"•Ru  (n.y) 
"»Ru  id,p) 
»»«Ru  (y,/l) 
"*U  (/I,/) 

315 
31  5 
185 

144  ±0  16 

3-7% 

P"»™Rh 

0-498 

IMpd 

17-Od 

"•Pd  (n.y) 
»»Rh  (/»,/i) 
»*»Rh  (t/,2n) 

0% 
100 
100 

4  8  ±  15 

P"»"Rh 
D"»Ag 

0-499 

uomy^g 

253d 

'••Ag(/i.y) 
"•Ag(^.;>) 
"•Pd  (^2w) 

48-65 
48  65 
11  8 

3  2  ±  a4 

P"«Ag 

0500 

i.omQj 

95in 

D(3-2h)'»«Ir 

0-500 

i..mHg 

10  Oh 

"'Au  (j>,5n) 

100 

F"Hg 

P'»»"Au 

0500 

»»«Np 

440d 

»»U  (</,3/i) 
»*U  («./»4n) 

0720: 
0720: 

D»*Pu 

050 

'♦Ga 

7-8m 

W«jk 

050 

*"Ra 

41 -2111 

"•Ra  (/i,y) 

* 
* 

20  ±3* 

P»"Ac 

05 

"'W 

130m 

P"Ta 
D"^Re 

0-501 

isom^f 

55h 

"•Hf(/»,y) 

13-75 

20 

0502 

"*Bi 

11 -6h 

••*Pb  (^,2«) 
••Tl  (a,3/l) 

140 
29-50 

P««*™Pb 
D»^*Po 

0502 

"'Gd 

29h 

P"'Eu 

0506 

»iTe 

17d 

»"Sb  (</,2/i) 
"^Sb  (p,n) 

57-25 
57-25 

13 

D"*"Te 
D"U 

0-507 

i"Eu 

12-7y 

0-510 

"^Os 

21 -911 

•"Re  (;?,4/») 

3707 

P(13h)"«Rc 

*  Pile  Neutrons 
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Naturally  Active 


Per  Cenf 

i 

Thermal  Neutron 

1 

Abundance  of 

Activation 

Per  Cent 

Radioactive 

y-Energy 

I 

Some  Modes 

Relevant 

Cross  Section 

Abundance  of 

Parent  or 

{Mev) 

Nuclide 

Half-Ufe 

of  Formation 

1        5fa6/e 
Isotope 

{Barns)  or 
Fission  Yield 

y-Radiation 

Daughter  of 

0510 

:    i»3in{^g 

lOOh 

"'Au  {p,5ri) 

100 

pi.sHg 

piQsm^U 

0510 

"^Mo 

1       14-61m 

"•Mo  (rt,y) 
^••Mo  {d,p) 

962 
9-62 

0-20  ±  0  05 

pioijc 

0510 

"Ta 

53h 

"*Lu  {a,2n) 
"•Lu  (a,3n) 

97-40 

2-60 

18-56 

D"'W 

0510 

(ThC) 

310m 

~25 

(ThC) 

0510 

"*Rn 
(Rn) 

3-8229d 

-O-07 

D^«Ra 
P"»Po(RaA) 

0  51 

"•Ta 

105m 

0-51 

*"Bi 

—3  X  10*y 

""Pb  (c/,2«) 

52-3 

0-51 

io.pd 

17-Od 

"*Pd  («,y) 
••"Rh  {p,n) 
""Rh  {d,2n) 

0-96 
100 
100 

4-8  ±  1-5 

pioamRh 

D"»Ag 

0-51 

"Zn 

9-33h 

••Ni  (a,2/j) 
«*Zn  (y,2n) 
•»Cu(/7,2/i) 

26-16 
48-89 
69  1 

P*^Cu 

0^51 

"•Xe 

17m 

P"«Cs 

0  51 

"Zn 

2-2m 

'*Ge  (/i,a) 

36-74 

0  511 

to.po 

8-8d 

^-Tb  (a,2/l) 

1  40 

p206Bi 

D"»Rn 
D^^'At 

0512 

"»Bi 

145d 

£)205po 

D*«»At 

paospb 

0  512 

'••Ag 

240m 

"»Rh  (a,/l) 
"'Pd  (c/,/i) 

"*Pd  ip,y) 

"•Pd  (p,/i) 

100 

22-2 
22-2 
27-3 

17 

0  513 

'••Ag 

8-2d 

"»Rh  («,/i) 
"'Pd  (c/,n) 
'"Pd  (p,/») 

100 

22-2 
27-3 

0513 

••Sr 

640d 

•«Sr  (n,y) 

056 

10  ±03 

~100 

£)8»Y 

0  513 

•••Rh 

30s 

D"«Ru 

0  515 

iMniHo 

5  Oh 

D'«»Er 

0  515 

•••Rh 

130m 

0  516 

"•Bi 

1 

64d 

"Tl  {a.3/») 

"•Pb  (d,ln) 
"'Pb  (</,3/») 

7050 

251 
21  7 

D.o.po 
D"»At 

*  Pile  Neutroo* 


t  Artificially  Active 
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I  Nuturully  Active 


y-Energy 

(Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

\  Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  \'euXron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


Per  Cent  Radioactive 

Abundance  of        Parent  or 
y-Radiation        Daughter  c/ 


0517 


0  5I7(?) 


0-517 
0-517 

0-517 

0520 

052 


052 
0-52 
0-52 


0-52 
0521 


0522 
0-522 

0525 
0525 
0-5259 


*Pa 


«Np 


"•Gd 
"Kr 
"Br 

»"Ra 


"•Ag 
'"Cd 


"Br 


"•Po 

"As 
"Rb 
'•Kr 


1  31d 


440d 


29h 
93d 

103y 

57h 

38s 


I  25m 
25m 
53h 


318m 
181m 


11  6h 
8-8d 

38-7h 
83d 
34  5h 


»'Pa  (n,y) 
»»»Pa  {d,p) 
«»»Th  (d,ljt) 

»»»Th  (a,/73/l) 

"»U  (</,3/») 
"»U  (<x,fAn) 
»»»U  0'.2n) 

"•U  {a,p2n) 

"'Sm  («.2/?) 
'"Eu  (p.3/1) 

"Kr(/i.y) 
»»»U  (/I./) 

"Se  (d,n) 

"As  (a,2tl) 

'♦Se  (a./l) 


»'*Cd  (/l,y) 
"*Cd  (d,p) 
"•Cd  (/i,2/i) 
•"U  («,/) 
"Rb  (/l.a) 


••«Pb  (J,2/r) 
"Tl  (a,3/l) 
"*Pb  (a,2n) 


'•Ge  (</,/!) 
««U(/i/) 
"Br  (a,2/i) 

"Kr  (/i,y) 
'•Se  (a,/l) 
"Br  (</,2/i) 
"Br  (/?,/!) 
"Kr  (f/,p) 


t 

loot 
loo: 

0720: 
0720: 
0720: 

t 
t 

1507 
47-77 
56-90 

902 

100 
087 


2818 

28-86 

28  86 

7-58 

27-85 


140 

29  50 

140 


7  67 

4948 

0354 
9^2 
5052 
5052 
0354 


200  ±  15 


60  ±  20mb 
0317% 


SIO  ±20 
11  ±03 

0-011% 


9  1x10-'% 


2  0  ^  0  5 


P"»U 


D^Pu 


P»"Eu 


P"««Se 


2  X  10-»  I  D"mi 
P"*Rn 
D"*Fr 


0-8 
^100 


piumjn 

D'"A«(91%) 


Ancestor 

^••In 

pi..injn 
pM4mp^ 

U***?o 

P*»«Bi 

D"*Rn 

D**«At 

D"Ge 

P»»"Kr 
D"Sr 


*  Pile  Neutrons 
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y-Energy 
{Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 
Daughter  of 


0526  "^Gd 

0-528  ""I 


053 


053 
053 


053 

053 

<K5317 

0-532 

0-533 

0534 

0534 
0535 

0535 


»Sm 


lawixc 

•♦•Gd 
»*»Sb 


3 -6111 
126h 


471h 


226h 
208h 


668h 

1 5  6m 

5-7h 
ll-6h 
n06d 

93d 

4-2h 
17'7d 

20-8h 


'•»Gd  in,y) 

"•I  («,y) 
^'Te  {d,2n) 
^«Te(A/i) 
"»Cs  (n,a) 
"*Sm  (/i,y) 
"»Sm  (d,p) 
"*Sm  iY,n) 
"•Nd  (a,/i) 
"«Sm  (w,2/i) 
*«U  («,/) 
"4  (w,y) 
*«U  (n,/) 


«»U(«,/) 


"♦Xe  (n,y) 

"•Xe  (/j,2/») 
"•Ba  («,«) 
•••Pb  (a,3/l) 

«»«Pb  (d,2n) 
"m  (a,3/l) 
'««Nd  (/l,y) 
"•Nd  (d,p) 
»»»U  (/»,/) 
•*'Sm  (a,2/i) 
"•Eu  (/>,3/i) 

"Th  (J.4/I) 
"Th  (u,p5/i) 
•»<Th  (J,2/j) 
»'Pa  (d,p2n) 
••Ru  (J./I) 
•••Ru  (</.2/T) 
'••Ru  ip.n) 


21-9 
t 
34-49 
34-49 
100 
26-63 
26-63 
22-53 
5-60 
22-53 

t 


10-44 

8-87 
71  66 
251 

1  40 
29-50 
17-18 
17-18 

15  07 

47-77 

loo: 
loo: 

: 

: 

12-7 
12-7 
12-7 


0-8 
11 


0-3 

4 


140  i  40 


015% 
50  ±40 

4-6% 


5-6% 


1-8  ±  0-6 

2-6% 


94 


27 


Weak 


pi61J5 


D"*Te 
Descendant 

lasmT'g 

pissxe 

pissmxe 

(2-4%) 
D"»Te 

piSBinXe 

(30%) 
pi»5Xe 

(70%) 
D*"Te 
D>"1 

(-30%) 
pissxe 

D"iRn 

p«04inpb 

D"*Po 
puTpin 


P"»Te 

P"OU 

P"'»Th(Io) 
P"*Ac 


D"«Pd 


•  Pile  Neutrons 


t  Artificially  Active 


J  Naturally  Active 


116 


y-Energy 

{Mev) 


Nttclide 


Half-Ufe 


Some  Modes 
of  Formation 


I      Per  Cent 
Abundance  of 
I      Relevant 

Stable 
\       Isotope 


Thermal  Neutron 

Activation 

Croa  Section 

(Bams)  or 
Pissiom  Yidd 


■     Percent 
>  Abwidameeof 


Radioactive 

Parent  or 
Daughter  of 


0535 
0537 

0-537 
0538 

0538 


0540 
054 

0  54 


054 


0-54 


054 
0-542 

0  542 
0  542 


0-542 


0545 
0545 

0545 


0-547 


'•»"Hg 

"•Nd 


•Bi 


»"Bk 


•Re 


•Pt 


»"Ho 
"♦Bi 

llOmA  n 


••"RnCTn) 

"•Cs 

"•At 


10  Oh 
12-80d 

lOOh 
20h 

64d 


5  Oh 
45h 

50d 


31m 


24  99m 


>30y 
116h 

15-8S 
253d 


51 -58 


30-7h 
140m 

5-5h 


3-62h 


'"I  (a,2/l) 
^••Mo  {d,n) 
"«Ru(y,;») 
•••Bi  (a,4n) 


'•'Au(p,5n)      I   100 

>»Ba  (n,y) 
"*U  (/I./) 

'•'Au  (p.5/1)  100 

'••Nd  (/i,y)  5-72 

»"Nd  (d,p)  5  72 

"•Nd  in,2ji)  5  60 

"»T1  (a.3n)  70  50 

***Pbid,2n)  25  1 

••'Pb(</,3n)  21-7 

*"Am  (a,2«)  t 

•••CmW^)  t 

»Ta  (a,/»)  99  9877 

"•W  (a^/i)  26-4 

"«W  (j},n)  30-6 

»»«W  (d,n)  14  4 

*«»Rc  (/i,2«)  37-07 

»»*Pt(/i,y)  7  19 

"•Pt  (</./>)  7  19 

"•Hg  (n.a)  29  80 

'"I  (/i,y)  100 
'-'Te(d,2fi)       j     3179 

"Te  (/>,/!)  3179 


"*Pb  (d,2n) 

140 

••»n  (a,3n) 

29  50 

"•Mo  (/»./!) 

962 

»-Ag(ii,y) 

48-65 

»-Ag(^,/>) 

48-65 

»"Pd  (t/,2n) 

11-8 

100 
962 
31  5 
100 


*  Pile  Neutrons 


4  ±  1 
617% 


3  7  ±  12 


3  9  ±  0  8 


5  6  X  0  3 


-^3 


18 


3  2  ±  0  4 


Strong 


'^■03 


P"^Hg 

P'"La 

Descendant 

P"»Hg 

P'»«"Au 

P'"Pm 


D-«Pto 
D^At 

D»**Er 
P»*«Cm 


piMmp5 

D»^«Po 
P»"Ag 


D"*Ra 

(ThX) 
P»"Po(ThA) 
D'"Ba 
D"»Mo 

P«»^Po 
P"*Bi 
D-"Rn 


t  Artificially  Active 
117 


X  Naturally  Aoive 


y-Energy 

(Mev) 


Nuclide 


Half-Ufe 


Per  Cent  Thermal  Neutron 

I  Abundance  of  i  Activation 

Some  Modes       •      Relevant     \  Cross  Section 

of  Formation              Stable  {Barns)  or 

Isotope  Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0550 
0550 


0550 


~0  55(?) 

055 
055 


0  551 


0555 


0556 


0556 

05562 

0557 

0557 

0557 


0558 


»Bi 


'Sr 


•Po 


ii4inin 


'•♦Rh 
••♦Ag 
"•Np 
•"Re 
•••Ir 


••Os 


63h 
32-2m 


145d 


llh 

26m 
13  5h 


967h 


88d 


50  Od 


44s 
27m 
7-3m 
20h 
lid 


!      306h 


0  551 

•  imy 

503m 

0554 

""Ag 

66m 

05541 

"Br 

35-87h 

'•Br  (a,n) 
"«Ba  (/!,/>) 
"'Cs  in,y) 


"*Hg(y,/,) 
'"Pd  (n,y) 
"«Pd  {d,p) 
"•Pd  {y,p) 
"•Ag(«,p) 
"*U  (/I,/) 
»»Sr  (/i,y) 
•*Zr  (/I,a) 
»»U  in  J) 


"Zr  (n,p) 

"Br  (n,y) 
"Br  (rf,/7) 
«Se  (d,2n) 
"Rb  (/I,a) 
*»«Pb  (a,2/l) 


»»In  (/l,y) 
"«In  (^,/7) 
"*Cd  (p,n) 
«»»Cd  (^,/i) 
"»In  (y,/l) 
"•In  (n,2n) 
"»Rh  (/»,y) 
»«H:d  (</,«) 
"•Np(«,y) 


50-52 
71-66 

t 


29-80 

26-7 
26-7 
11-8 
48-65 


17-40 


11-23 

49-48 
49-48 

919 
72- 15 

1-40 


4-23 

4-23 

28-86 

12  26 

95-77 

95-77 

100 

1-22 

t 


'•'Re  («,/i)  62-93 

»»*Os  (d,2n)  I  26-4 

'••Ir  (n,2n)  \  38-5 

"«Os(/i,y)  i  410 


<2 


10  ±  2 


0-028% 
10  ±06 

50% 


3-1  ±  0  5 


56  i-  12 


140  t  30 
35  i:  10* 

I  -6  ±  0-4 


Weak 


3-6 


22 


D"«Xe 

Descendant 

138T 
]3205po 

D2»»At 

p205pb 
pigQJr 

D^^'Au 
[D"»Rh]  ? 

pi09m^g 


psimy 
P"Y 

D(l-7m) 


iRb 


D  (14m) 
D»^Sr 

pioapjj 


pw«Bi 
D"«Rn 

D"«At 
P"«In 


•Rb! 


Di°«Cd 
D«"U 


*  Pile  Neutroos 


t  ArtJfidally  Active 
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X  Naturally  Active 


y-Energy      ' 
(Afw)         ,       Nuclide  Half-Ufe 


Some  Modes 
of  Formation 


0559 
0560 
~0-56 


056 
056 

056 
056 
05605 


0  562 
0563 
0563 

0564 

0565 

0565 
0566 


i.smHg       I      400h 


••Nb 
"Mr 

'•Br 

"•■"Rb 

1* 


As 


2lipo 

(AcC) 
"«Cs 


'Sb 


'Gc 


•CC 


>"In 

»»*Pa 
(UX,) 


Per  Cent 
Abundance  of 

Relevant 
Stable 
,       Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


Per  Cent  RadioactixH 

Abundance  of        Parent  or 
y- Radiation        Daughter  of 


2335h 
3-2h 


25s 
17-2h 

1  02in 
1  2m 
264h 


052s 
2  07y 
88h 

11  3h 
33h 

Mh 

666h 


"'Au  (dAn) 
»"Au  (j},3n) 
••Zr(/»^) 
••Mo  (d,a) 
»"Re  («,/!) 
»~Os  id,n) 
'••Os  id,2n) 
•~Pb  (a^) 
'•Sc(/>^) 

"As  (a,3/l) 
"Rb  (/i,2/i) 

"As  (/f.y) 
"As  (J./») 
"Br  (n.a) 
'^Sc  (y./7) 


"HTs  (ii.y) 
'"Cs  (</,y») 
»«Xe  (J.2n) 
"«Xc(p./i) 


'•Ge  (/i,y) 
»«Ge  {d,p) 

-U(/iJ) 
"«Cfe(ll,y) 

"«Ce  id,p) 
•"U  (/I,/) 

"•Cd  (</,/!) 
"•Sn  (y,p) 

»»Pa  (rt,y) 


100 

100 
2-80 
23-75 
62^3 
161 
264 
523 
902 

100 
27  85 

100 
100 
50  52 
758 


100 

100 
1044 
1044 


767 

7-67 

4982 

1107 
11-07 


7-58 
2401 

t 


5-4  ±  1-0 


61 


30  ±  1 


o<m% 


80  ±  20mb 


3  7  X  10-»% 
0  95  ±  005 

5-4% 


25  ±4 


P'»«"Au 
P"*Hg 


pi»*mOs 


P»«"»Pb 
D"Kr 


D>'«Pd 


D"'Bi 

(AcC) 
D"'At 
D"»Rn 


P"Tc 

(«4%) 

pitTmj^ 

(16%) 

D'"Sn 
P"As 


D»"La 
pii.pr 

Descendant 
»"Xe 
D"'Cd 

P«»«U(U„) 

D»*Pa(UX,) 
D*»*Th(UX,) 


*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 

{Mev)  Nuclide  Half-Life 


0566 


0569 


0570 
0570 


0-573 
0-574 
0575 

a576 


Some  Modes 
of  Formation 


*Sb 


»»*Cs 


0  5697       i  w™»Pb 

i 

0  5697       i  *»'Bi 


"Ru 


0570 

"'Gd 

057 

"•Re 

0-57 

"*Ag 

0-57 

"•Pm 

0-57 

"•Np 

0571 

•o*Bi 

"»Tc 
i»»Hg 

"'"'Aft 
••Gc 


0-379         I  i.^ 


0580  "*Bi 


2-8ci 

207y 

O-SOs 

8  0y 

24m 
2-88d 


29h 
2-8m 
5s 
2-7h 

60m 

14-5d 


17d 
10  Oh 
253d 

404h 

26  Ih 
145d 


i"Sb  {d,p) 
"*Sn  {p,n) 
"*Sn  {d,2n) 
"»Cs  (/i,y) 
"»Cs  {d,p) 
"*Xe  {d,2n) 
"«Xe  0,/i) 
"Tb  (/i,/i) 

""Pb  (</,3/i) 

""Pd  {y,p) 
"Ru  (/J,y) 

••Ru  {d,p) 

••Ru  (n,2w) 
"Ru  (y,/i) 
•*Mo  {a,n) 


"*Cd  (/i,p) 
""Nd  (j>,n) 
"•Nd  (</,2/i) 
"•Np(/i,y) 


»"Sb  (d,2n) 

">Sb  (/7./2) 

'•'Au  (/?,5/j) 

'••Ag  (/i,y) 

"•Ag  (</,/>) 

"•Pd  (d,2n) 

••Ga  (J,2/j) 

••Ga  (p,/») 

••Zn  (a,/l) 

"'Au  («,/i) 

•••Hg  {d,2n) 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


57-25 
57-25 
4-71 
4-71 
100 
100 
10-44 
10-44 
21-7 

52-3 

26-7 
5-57 

5-57 

1-91 
1-91 
912 


28-86 
560 
560 

t 


57-25 
57-25 
100 

48-65 
48-65 
11-8 
602 
60-2 
27-81 
100 
2313 


6-8  ±  1-5 


30  ±  1 


0-21  ±  0-02 


66 


25  ±  15* 


3-2  ±  0-4 


2-3 


87 


£)207Bi 

£)2iimpo 

D"iAt 

pzoTmp^ 

D"'Ru 

p97mjj, 

(004%) 
P»'Tc 

(99-96%) 
D»'Rh 


pi"Eu 


D"«Pd 


D"*Po 

D«"At 

pisospb 
Disimje 

pi.3Hg 

pissm^U 
pno^g 


D«»As 


D«oopb 

D»"Po 
D"'At 

ptotpi, 


•  Pile  Neutrons 


t  Anificially  Active 
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X  Naturally  Aaive 


y-Energy 
{MevJ  Nuclide      \       Half-Ufe 


Some  Modes 

of  Formation 


i     Per  Cent 
\  Abundance  of  \ 
I     Relevant     \ 
Stable       j 
I       Jtotope      I 


Thermal  Neutron 

Activation 

Crou  Ssctiam 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
y-Radiation        Daughter  of 


»"Ra 
(AcX) 


•••Po 


"Cu 


»»Na 
«"Am 

torn 

(ThC) 


"Tc 


Tb 


"•Cs 

"ifia 
i»»Eu 
»"Au 


»La 


»Zr 


11  68d 


8-8d 


97d 
3  32h 


60s 

54d 

I-9h 
3  10m 

1  31d 


60d 


94h 


30-7h 

11  5d 

12-7y 

4-7h 

195h 


4-4m 


••*Pb  (a,2il) 


'••Pt  (/f,p) 
••Ni  (d,n) 
"Ni(p^) 

"Cu  (y.2«) 
»»Mg  (/i.p) 
"Mg  (y./») 

>«'Sm  (</.«) 
"•Pu  (f/.3/i) 


">Pa  («,y) 
»'Pa  (</^) 
"«Th  (rf,2n) 
»*Th  (a,/>3/i) 
•*Mo  (^,2n) 
•*Mo  (/»,/!) 
•*Mo  (</,n) 
»«»Tl  (J.4n) 


"'I  (a,2n) 
>"Ba  (/t,y) 

"4r  (a,3n) 
'"Pt  (</,2«) 

'»CS  (a,27l) 

"«Ba  (d,n) 
»*Ba  (/>,/!) 

••Y(p,/i) 

••Zr(/i,2nX?) 

"Zr  (y,n) 


1  40 


25-2 
26  16 
1  25 
2616 
69  1 

10  11 

11  29 
11  27 
15-07 

t 


♦ 
* 

loo: 
loo: 

15  70 

15  70 

912 

29  50 


100 
0101 

38-5 
0-78 
100 
2-42 
659 
100 
5146 
51-46 


200  ±  15 


10  ±  1 


1-5 


D««TTi 

(RdAc) 
D^FKAcK) 
P"»Rn(An) 
D«"Ac 
P*^Bi 
D»'»Rn 
D»~At 

D«'Zn 


~80         D*'«Bi(ThQ 


P"«U 


p**m 

D(62m) 

••'Hi 
D(185h) 

"'Bi 

D»«*Po 
D"»Ba 

p»k:s 

D"»Hg 


D»»"Nb 


♦  Pile  Neutrons 


t  Artificially  Active 


X  Natiually  Active 


121 


-^s^ 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
A  bundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-5884 

"*Ir 

74-37d 

"»Ir  id,p) 
"»Ir  in,2n) 
"K)s  id,2n) 
»«Pt  (y,pn) 

38-5 
38-5 
61-5 
41-0 
32-9 

700  ±200 

0590 

»"Mo 

1461m 

lo-Mo  (n,y) 
""Mo  (^,/>) 

9-62 
9-62 

0  20  ±  0-05 

pioijc 

0590 

"Th 

2212in 

"Th  (/I,y) 

loot 
loo: 

7  33  ±  012 

p288pa 

059 

•*Zn 

9-33h 

"Ni  (a,2w) 
««Zn  (y,2«) 
"Cu  (/),2«) 

2616 
48-89 
69  1 

</ 

P«Cu 

059 

loipd 

8-5h 

15 

P  (4-7d) 

^"^Rh 

0  59(?) 

M.pr 

24-4m 

D"«Ce 

0591 

"K 

22-4h 

"Ar  («,/;) 

99-600 

0592 

»«*Os 

93-6d 

"*Os  («,y) 
"'Re  (p,n) 
"'Re  (^,2/1) 

0018 
37-07 
37-07 

<200 

0-593 

'"Eu 

16y 

"»Eu  in,y) 
"»Eu  (J,/;) 

52-23 
52-23 

420  ±  100* 

4 

0596 

'♦As 

17-5d 

"Ga  («,/i) 
"Ge  id,n) 
'*Ge  Cp,/7) 
"As  (n,2n) 

39-8 
7-67 
36-74 
100 

0600 

'"Hg 

9  5h 

"'Au  (/7,3/i) 

100 

D""»Hg 

0600 

*"Np 

73m 

»»»Np  («,y) 

t 

35  ±  10* 

13 

D"»U 

060 

•••Po 

293y 

"•Pb  (a,2/2) 
"Tb  (a,3n) 

"•Bi  (d,3n) 

•••Bi  (;7,2n) 

25-1 
21-7 

100 

100 

-O-006 

D"*Rn 
D(l-7h) 

""At, 
D  (6-3h)      \ 

•"At. 

060 

•••Ic 

15-8S 

"«Mo  (/>,/!) 

9-62 

Strong 

060 

'♦Ga 

78m 

060 

"•Sm 

47- Ih 

'"Sm(/I,y) 
»»Sm  (</,p) 
'"Sm  (y,/j) 
»"Nd  (a,n) 
»»«Sm  (/J.2/I) 
"•U  (/I,/) 

26-63 
26-63 
22-53 
560 
22-53 

140  ±40 
015% 

♦  Pile  Neutron* 


t  Artificially  Active 
122 


X  Naturally  Active 


y-Energy 

{Mev) 

1 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

1 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation         ,     Per  Cent          jfadb'darfiwi 
Cross  Section       AbumLmce  of  i       Pmrtnt  or 

(.Barns)  or           y-Radiation  !     Datgkttr  of 
Fission  Yield      . 

060 

>«'Nd 

11  06d 

"*Nd  (n,y) 

17  18 

1  8  ±  0  6 

P»"Pm 

"*Nd  {d,p) 

17-18 

'"V(n,f) 

26% 

060 

'"Sb 

2<)y 

"♦Sn  (</,/!) 
•"U(/i./) 

5  98 

0023% 

D  (9-4d) 

'»Sn 
p»«"»Tc 

0-60 

>"Ag 

2-3m 

'•'Ag(«.y) 
'•'Ag  (d,p) 
.'•*Cd  (/!,/>) 

51  35 
51-35 

088 

45  r  4 

~0  60 

"»Cm 

35d 

"•Pu  (a,3/f) 
">Am(p^) 

t 
t 

puTmpy 

060 

"•Np 

60m 

»"Np  (/I.y) 

t 

25  ±  15* 

060 

isije 

248m 

»»«Te  (n.y) 

34  49 
3449 

0  22  ±  0O5 

D'"Sb 

P"»I 

D"»"Tc 

06 

"»Eu 

15'4h 

"•U(nJ^ 

7-4x10-*% 

0-6 

»»»Te 

7m 

•"U(ii./) 

4-5% 

P»"l 

0601 

'Hja 

14-3h 

"Ga  (n,y) 
"Ga  id,p) 
'•Ge(/i./>) 
"Zn  -  p- 

398 
39-8 
27-37 

40±a7 

D"Zn 

0-601 

it.mHg 

10  Oh 

"'AuO>.5w) 

100 

P'"Hg 

P»«"Au 

0603 

lt«I 

45d 

>«»Sb  (a,n) 
»"Te(p,/i) 
"»Sb  (a,3/l) 

57-25 
461 

42-75 

0-603(?) 

"*Pa 

(uxo 

666h 

»"Pa  (/f,y) 

t 

25  ±4 

P»*U(U„) 

I>«»*Pa(UXO 
D«Th(UXi) 

0603 

"*Sb 

60  9d 

"»Sb  («,y) 
'"Sb(^,;7) 
"*Sn  (</,2«) 
"*Sn(p,/i) 

46-75 

46-75 

5-98 

598 

2  5  ±  0^5 

(0  63%) 

0604 

"•Ir 

Ud 

»"Re  (a,/i) 
"•Os  (rf,2/i) 
"4r  (/i,2w) 

6293 

26-4 

38-5 

0605 

"♦Cs 

2-07y 

^»H:s(ii,y) 

^"Xe  id,2n) 
^**Xc(p^) 

100 

100 
1044 
1044 

30  ±  1 

*  Pile  Neutrons 


t  Artificially  Active 

123 


J  Naturally  Active 


y-Energy 

(Af«i>) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  CCTjr 

Abundance  of 

Relevant 

Stable 

Isotope 

1   Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0605 

iijl 

5-79m 

»Ti(/».y) 

*Ti  id,p) 
"V(/i,/,) 

5-25 

5-25 

99-75 

0-14  ±  003 

0605 

iMjr 

74-37d 

i"Ir  (/I,y) 
"4r  (</,/7) 
"»Ir  in,2n) 
"*Os  (J,2«) 
"«Pt(y,p/7) 

38-5 
38-5 
61-5 
410 
32-9 

700  ±200 

06064 

"Kr 

34-5h 

"Kr(/i,y) 
'•Se  («,/i) 
"Br  (J,2/i) 
"Br  (p,n) 
"Kr  (f/,/;) 

0-354 
9-02 
5052 
50-52 
0-354 

2  0  ±  0-5 

0607 

i.»Cd 

55m 

"*Pd  (a,/l) 
"'Ag(/7,3/i) 
i««Cd  (n,2n) 

0-96 

51-35 
1-22 

0609 

»'»Rn 

019s 

02 

D*^*Ra 
P*"Po 

(RaC) 

06094 

"«Bi 
(RaC) 

19-7m 

D"*Pb 

(RaB) 
D"»At 
P"*Po 

(RaC) 
P""T1 

(RaC) 

0610 

•*™Rb 

6-3h 

'•Br  («,/i) 

50-52 

0610 

^••Ru 

39-8d 

»"Ru  (/i,y) 
»"Ru  (</,/;) 
"*Ru  (y,/i) 
"»U  («,/) 

31-5 
31-5 
18-5 

1-44  ±016 

3-7% 

pio.mj^h 

061 

••n'a 

105m 

0^61 

""Zn 

3h 

061 

'•*Xe 

9  13h 

'"Xe(/i,y) 

»»*Xe  (n,2n) 
"*Xe  ( J,p) 
"•Ba  (/!,«) 

•"U(/T,/) 

10-44 

8-87 
1044 
71  66 

0  2  ±  01 

5-9% 

D"»I 

(-70%) 
E)is5mxe 

P'»»Cs 

061 

•-Ra 

1622y 

'^2  X  10-« 

D"Th(Io) 
P">'Rn(Rn) 

0  61 

'••Rh 

130m 

0  61 

-Br 

318m 

•'Rb  (/l,a) 

27-85 

*  Pile  Neuironi 


t  Artiflclally  Active 
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X  Naturally  Active 


^(Sf 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation             Ptr  Cent          Radioactiv* 
Cross  Section       Abtmdanceof        Partmt  or 

{Bams)  or           y-Radiatiom       Datighttr  </ 
Fission  Yield 

1                         1 

0  612 

>"Au 

4-7h 

"Mr  (a,3/i) 

38-5 

i 

D"»Hg 

"»Pt  (d,2n) 

0-78 

0613 

"Mr 

7437d 

"'Ir(/i,y) 
"Mr  (d,p) 
"Mr  (n,2/i) 
"«Os  id,2ft) 

»«Pt  (y.p/l) 

385 
38-5 
615 
41 0 
329 

700  ±200 

0614 

"K 

22  4h 

"Ar  («,/>) 

99  600 

0614 

liomos 

95m 

D(3  2h)»"Ir 

0  615 

"As 

91  Om 

"Br(/f.a) 
'*Sein,p) 

4948 
23-52 

(H)2% 

D^Hjc 

0  6155 

">Hf 

44  6d 

>"Hf(n.y) 
">Ta  («./>) 

3522 
99  9877 

10  ±3 

0  618 

"•Ag 

3  20h 

»»Cd  (/I./7) 
»»H:d(y,p) 
»"ln  (n,a) 

24^7 
12  26 
95-77 

D'"Pd 

0  6187 

"Br 

35-87h 

"Br  (/i,y) 
"Br  (J,/») 
"Se  (</,2/i) 
"Rb  (/l,a) 

49-48 

4948 

9  19 

72  15 

3  1  ±  0  5 

0  6189 

»"W 

240h 

"•W  (/I,y) 

'"W  (t/,/») 

28-4 
28-4 

34  ±  7 

0619 

iiomy^2 

253d 

"•Ag(/.,y) 
»"Ag  (</./») 
"•Pd  id.2n) 

48  65 
48  65 
11  8 

3  2  ±  04 

P'"Ag 

0620 

'"Ba 

11  5d 

"•Ba  (/i,y) 

0101 

10  ±  1 

P»»Cs 

062 

"Mr 

19  Oh 

"Mr  (n,y) 
"Mr(^./») 
"»Pt  (y,p) 
"•Pt  iy,pn) 

61  5 
61-5 
33-8 
25-2 

130  It  30 

D"*08 

062 

mir 

3-2h 

'"Re  («,/i) 
"•Os  ((^./») 
"•Os  (d,2n) 

6293 

161 

264 

P'-^Os 

062 

"M 

2-26h 

'"1  (n,y) 

t 

50  ±40 

D"»Tc 

062 

"«Rh 

210d 

""Ru  {d,n) 
"»Rh  (n,2n) 
"•Rh  (y,/l) 

170 
100 
100 

062 

••Rh 

47h 

"Ru  (j),n) 

12-7 
1-91 

20 

D"Pd 

062 

"Br 

17 -6m 

'•Br(/.,y) 
"Br(rf,p) 
"Br  (y,/i) 
"Br  (/i,2n) 

50-52 
5052 

4948 
49-48 

8-5  ±  1-4 

D""Br 

♦Pile 

Neutrons 

+  Artificially 

Active 

X  Naturally  / 

Lctivc 

125 


y-Energy  ' 

(Afw)         !      Nuclide  Half-Life 


Some  Modes 
of  Formation 


Per  Cent 
Abundance  of 

Relevant 
I        Stable 
!       Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0621 


0628 

0629 
0629 

0629 
0630 
0630 

063 


•Bi 


0622  "*Bi 


0-6263  «»»Bi 


0  627         '  *«»Bi 


0-627  «»Sc 


0627  "'Re 


••'Bi 
••To 


6-4d 


11  ^h 


0  624         ^  i'>«Rh  30s 

0-624         '  ^o'Ag         i        8-2d 


12-3h 

14-5d 

3-92h 
88 -911 

82in 

61s 

l-85h 

26  Ih 

5-7h 

]43h 

53h 


^""Ti  (a,3«) 

*»«Pb  {d,2ri) 
"Tb  {d,Zn) 
*«*Pb  (J,2«) 
"»n  (a,3/l) 

"»Rh  («,h) 
i»'Pd  (J,w) 
^••Pd  (j},n) 
^«^Ag  (w,2/i) 


«Ca  (t/,«) 

"*Re  («,y) 

"'Re  {y,n) 

"»Re  (rf,;?) 

"'Re  (/i,2/i) 

"•W  {d,ln) 

"Ge(/z,y) 

'♦Ge  (c^,/)) 

'•Ge  {n,2n) 

"As  (w,p) 

"»T1  (/>,3/i) 


"'Au  (a,n) 
"•Hg  (^,2/1) 
»"Pb  (a,3/l) 

"Ga  («,y) 
"Ga  {dS 
'•Ge  (/!./») 
"Zn  /3- 
»»Lu  (a,2/l) 
»"Lu  («,3/») 
'"Hf(/7,n) 


70-50 
25- 1 
21-7 

1-40 
29-50 

100 

22-2 
27-3 
51-35 


0145 
0-64 
37-07 
62-93 
3707 
62-93 
28-4 
36-74 
36-74 
7-67 
100 
2950 


100 

2313 
251 

39  8 
39-8 
27-37 

97  40 

260 

18-56 


100  ±  20 


0-21  ±008 


40  ±  0  7 


£)206po 

D«"At 

p204mp^ 

£)204po 

D^'Ru 


p20Spb 

paosmpi^ 

£)208po 

D2«'At 

£)205po 

D*»»At 
P"*Pb 


D(l-85h) 

p20ipb 

p20impij 

D^o'PoC?) 

£)200p5 

D«"Rn 
D"'At 
D"Zn 


D»"W 


•  Pile  Neutron* 


t  Artificially  Active 


X  Naturuliy  Active 


126 


Y-Energy 
(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radioactiv* 
Cross  Section       Abundance  of        Parent  or 

(JBams)  or           y-Radiation       Daughter  of 
Fission  Yield 

0-63 

»«»Eu 

5d 

'"Sm(/7,3/») 

1507 

D»«»Tb 

063 

'"La 

77in 

D'"Ba 

063 

"As 

26h 

••Ga  (a^) 
'«Ge  (/»,/!) 
»Hje  (d,2n) 
"Sc  (d,a) 

602 

27-37 

27-37 

087 

D»«Se 

063 

"Gc 

U-3h 

^•Gc(/i.y) 
^•Ge  (d,p) 
••Se  (/!.«) 
•"U  (/I./) 

767 

7  67 

4982 

80  ±20mb 
3  7  X  10-«% 

P"As 

0-631 

»"Ir 

15h 

D'^«Pt 

0-632 

"•Bi 

6-4d 

•••n  (a.3/f) 
•••Pb  W,2fl) 
"Tb  (t/,3/i) 

70  50 
25  1 
21  7 

D»^«Po 
D»'*At 

0-633 

'"Re 

167h 

'•»Rc(i.,y) 
'•»Re  (</,p) 

6293 
62-93 

75  ±  15 

1-0 

D»*^W 

0-634 

'••Ir 

41  Sh 

'•'Re  (a,3/») 
'•»Re  (o,n) 
'•K)s  (d,2n) 
"•Os  (</,3/i) 

6293 
37^7 
133 
161 

D'*»Pt 

0635 

"As 

175<1 

"Ga  (a./i) 
"Ge  (d,n) 
'*Ge(/7./i) 
"As  (rt,2n) 

39-8 
7-67 
3674 
100 

0635 

sey 

14-6h 

"STip,3n) 

82  56 

D»-Zr 

0-635 

"'Gd 

29h 

P'"Eu 

0-636 

"•Pa 

17-7d 

-Th  (dAn) 
"*Th  (a./>5/i) 
•••Th  id,2n) 
«»'Pa  (</,/»2n) 

loo: 
loo: 

* 
+ 

p»>miao) 

P«»«Ac 

0-637 

'""'In 

55m 

"•Cd  {d,2n) 

088 

D'»»Sn 

0-637 

io8in 

40m 

'••Cd  (J,2rt) 

088 

0-637 

"'I 

8  08d 

•»U(/i,/) 

3449 

2-8% 

9 

D"'Tc 

P""»Xc 
(~»%) 

0-638 

'"Re 

20h 

0-640 

»*Ru 

l-65h 

••Ru  (n,2n) 
•»Mo  (a,n) 

5-57 
15-86 

064 

'"Au 

39  5h 

'•»Ir  («,3/i) 
'•«Pt  (rf,2w) 
"»Pt  id,3n) 
"•Pt  (/»,/!) 

61-5 
32-9 

33-8 
32-9 

D"*Hg 

064 

^♦Br 

36m 

*  Pile  Neutrons 


t  Artificially  Active 
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*  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

! 

Abundance  of 
Relevant 
Stable 
Isotope       i 

Activation 
Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

064 

*"Sb 

20y 

^"Sn  id,n) 

5-98 

0023% 

D  (9-4d) 

^"Sn 

pissm-pg 

0-64 

"»Sn 

95m 

i**Sn  (n,y) 
i"Sn  (d,p) 

5-98 
5-98 

0  2  ±  01 

0-3 

0-64 

iwpd 

13-5h 

"«Pd  in,y) 
^"Td  (d,p) 
"•Pd  {y,p) 
'''Agin,p) 
»^U  (nj) 

267 
26-7 
11-8 
48-65 

10  ±2 

0028% 

Weak 

[D"»Rh]  ? 

pio»ni/^g 

064 

"iTc 

14-Om 

""Mo  id,n) 
"^Ru  (y,/7) 

9-62 
31-5 

D'o'Mo 

0641 

"Br 

57h 

"Se  (d,n) 
"As  (a,2«) 
"Se  (a,/7) 

902 
100 

0-87 

P"™Se 

0642 

»"Rc 

50d 

"^Ta  (a,«) 
"*W  (a,/;w) 
"*W  (j),n) 
"«W  (^,/i) 
"''Re  (w,2/j) 

99-9877 
26-4 
306 
14-4 

37-07 

~05 

0643 

IMJf 

190h 

"»Ir  (M,y) 
"»Ir  (</,p) 
"'Pt  iy,p) 
"•Pt  (y,/>/l) 

61-5 
61-5 

33-8 
25-2 

130  ±  30 

D"«Os 

0-645 

"Sr 

967h 

•°Sr(«,y) 
•♦Zr  (w,«) 
*"U(n./) 

t 
17-40 

10  ±06 

50% 

p»iinY 

p»iY 

D(l-7m) 

"Rb 

D  (14m) 

"Rb 

0646 

•»*Sb 

609d 

»"Sb  (/»,y) 
'»Sb  (d,p) 
'"Sn  (^,2«) 
"♦Sn  (/),/!) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0  5 

0646 

•^Po 

88d 

»»*Pb  (a,2w) 

1-40 

P"*Bi        1 
D"»Rn     ■ 
D"*At      1 

0646 

••H)t 

93-6d 

"«Os  («,y) 
"»Re(p,n) 
>"Re  (d,2n) 

0  018 

37  07 
37-07 

<200 

0648 

"As 

26-4h 

"As  (/7,y) 
"As  id,p) 
"Br  (n,a) 
"Sc  (y.p) 

100 
100 
50-52 

7-58 

54    i   1-0 

1 
" 

*  Pile  Neutrons 


t  Artificially  Active 


I  Naturally  Active 
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y-Energy 

{Mev) 


0648 
0650 

0650 


065 
065 
065 

065 


065 
065 


065 


065 
065 
065 
0-656 


0657 


0-657 


0-658 
0-658 
0-658 
0658 


Nuclide 


•••""Ho 

""Se 

'"Nd 


'•"Ho 
'♦«Pm 
>«»Gd 


»Cr 


'"Sb 
"♦Ra 
(ThX) 


"Rh 
"Zr 

•Tc 

"•In 


"Ag 


•Bi 


"■"Mo 

"••"In 
'••Sn 


Half-Ufe 


Some  Modes 
of  Formation 


50h 
70s 

2  Oh 


28m 
300d 
93d 

27  8d 


19m 
3-64d 


13  3d 


8-7m 
94m 
1-5  X  10*y 
66m 


253d 


6-4d 


66s 
3-62h 
<2m 

181m 


"Sc(/r,y) 
*»*U  (/!./) 
'^-Nd  (/l.y) 
"•Nd  (d,p) 
"•Nd  (n,2n) 
»»»Tb  (a,3/i) 

•«'Sm  (a,2/f) 
'"Eu  (jf,3n) 
••Cr(/i.y) 
*«Cr  (d,p) 
'•Ti  (a./l) 

••Cr  (/i,2n) 

«»»Ra  (ii.y) 


»»»Sb  («./i) 
'»Tc  W^) 
"•TcO»,/f) 
»»'I  (/i,2w) 
»"1  (y.«) 

"Sr  (a,/l) 

••'Ag  («,«) 
"•Cd  (/>,/!) 
"•Cd  (f/,2w) 
•••Ag(/i,y) 
'••Ag  (</,;>) 
"•Pd  (d,2n) 
••*T1  (a,3/f) 
"•Pb  id,2n) 
"Tb  (</.3/i) 
•*Mo  (y,n) 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


919 

5-72 
5-72 
560 
100 

1507 
47-77 
431 
4-31 
73-99 
9975 
8376 

: 


42-75 
699 

18-71 
100 
100 

056 

51-35 

12-39 

1239 

48  65 

48-65 

118 

7050 

25  1 

21-7 

1586 


Thermal  S'eutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abtmdance  of        Parent  or 
y-Radiation        Daughter  of 


50  ±25mb 
0  21% 
3-7  ±  1-2 


13  5  ±  14 


130  ±20* 


3-2  ±  04 


5  X  10* 


-^  X 10-* 


P»»Br 
P'"Pm 


D»'Mn 


D«»«Th 

(RdTh) 
P»»*Rn(Tn) 
D»"Ac 


D~Pd 

ptnny 

D"«Sn 


P"»Ag 


D*^Po 
D"'At 


D»»»Sn 

Ancestor 

^••In 
pi»«Bin 


♦  Pile  Neutrons 


t  Artificially  Active 
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Naturally  Active 


y-Energy 

iMevJ 

1       Nuclide 

i 

Half-Life 

i 

Some  Modes 
1      of  Formation 

i 

i'.jr  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

j      Cross  Section 

(Barns)  or 

Fission  Yield 

!      Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0660 

ISOJ 

12-6h 

^"I  («,y) 
»»Te  {d,ln) 
"Te  0,/i) 

t 
i     34-49 
34-49 

11  ±4 

0-66 

"»Ir 

2-3h 

"*Pt(n,p) 

25-2 
33-8 

D"»Os 

066 

«»»At 

l-6h 

D*"Fr 

p208po 

066 

""Ag 

,      24-2S 

"«Cd  (/!,/>) 

12-39 

E>uomAg 

066 

»«a 

I         1-Os 

066 

i«Eu 

i        5d 

»^Sm  ipM) 

15  07 

D"»Tb 

066 

•h:u 

3-32h 

••Ni(Ay) 
"Cu  (y,2/l) 

26  16 
1-25 
2616 
69- 1 

11 

D«iZn 

066 

U4£ 

37h 

»»E(/I,y) 

t 

300  ±  150* 

40 

P«*Fm 

p254Cf 

0661 

"«Bi 

11 -6h 

^"^Pb  (^,2/7) 

^"Tl  (a,3«) 

1-40 
29-50 

p304n]p^ 

D204po 

0661 

iiomjj, 

5-Oh 

>»»Ag  (a,3«) 

48-65 

0-6616 

"'Cs 

26-6y 

'»'Ba  {n,p) 

11-32 

piSTmga 

D"'Xe 

06616 

••""Ba 

2-60m 

»"Ba  (/i,2n) 

71-66 

D"^Cs 

0-662(?) 

"»Pa 

l-31d 

'-"Pa  (/I,y) 

"TTi  (^,2/1) 
»*Th  (a,/73«) 

+ 
+ 
+ 

loot 
loo: 

200  ±  15 

P"*U 

0662 

».4mp5 

66-9m 

"Tl  (f/,n) 
^"^  (^,3«) 
"*Pb  {n,n) 

29-50 
70-50 
1  40 

D«»«Bi 

0-663 

"Rb 

15 -4m 

"-Rb  (/;,y) 

t 

10  ±0-2 

D«»Kr 
P"Sr 

0663 

««Bi 

11 -611 

"«Pb  {d,2n) 

"Tl  («,3rt) 

1-40 
29-50 

pj04mp5 

D««*Po 

0665 

•^Nb 

72- Im 

"Mo  (/i,p) 
•"Mo  (y,p) 

9-45 
23-75 

D"™Nb 

0665 

"Kr 

Mh 

"Se  («./!) 

0-87 

0-668 

"»Ce 

1 

33h 

"•Ce  (/l.y) 
"«Ce(^.p) 
•"U(/i,/) 

11-07 
11  07 

0 95  ±  005 

5-4% 

D"»La 
pu.pr 

Descendant 
"•Xe 

0669 

1 

•«Po 

8-8d 

1 

•«Pb  (a,2;i) 

1  40 

p«o.Bi 

D»"Rn 
D"«At 

*  Pile  Neutron* 


t  Artificially  Aaive 
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X  Naturally  Active 


Per  C<nf 

Thermal  Neutron  ■ 

Abundance  of 

Activation         1     Per  Cent          Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section       Abundance  of  i       Parent  or 

(Afw) 

Nuclide 

Half-Ufe 

of  Formation 

Stable 
Isotope 

{Bams)  or           y-Radiation  '     Daughter  of 
Fission  Yield 

0-670 

"To 

5-7h 

»"Pb  (a,3/l) 

251 

D"'Rn 

D»«^At 

0670 

"Th 

22- 12m 

"TTl  (/I.y) 

"Th  (d,p) 

loo: 
loo: 

7  33  ±  0  12 

025 

P»"Pa 

067 

»"At 

7-20h 

"•Bi  (a,2n) 

100 

Weak           P"^Bi 

D"'Rn 

P(052s)»"Po 

(AcC) 

~0-67 

i«Dy 

139  2m 

"«Dy(/».y) 

28  18 

2100  ±300* 

0-67 

"*Cs 

62d 

>»»Cs  {n,2n) 
>"Xe  (^,2/1) 
»"Xe(/>.n) 

100 
2689 
2689 

067 

111] 

2-26h 

"'I  (/I.y) 

t 

50  ±40 

D"Tc 

0-67 

xiTitiyg 

105d 

"•Te  (/i,y) 
"Te  (</.;>) 

»"I  («./») 
•"U(n./) 

1871 
18-71 

100 

90  ±  20rob 
0033% 

P"nre 

D'"Sb 

(16%) 

0-67 

"Pd 

216m 

P(4  7h)»^Rh 

0-67 

"'Sb 

88b 

"*U(n./) 

0094% 

P"Tc 

(84%) 

pxnafYc 

(16%) 
D»"Sn 

0-671 

.o«Bi 

ll-6h 

»"Pb  (rf,2n) 
"*n  (a.3n) 

140 
29  50 

P»^«npb 

D»^*Po 

0673 

"*Re 

16-7h 

»'Re  (/i.y) 
>"Re  (</,;>) 

62  93 
6293 

75  ±  15 

0-09         D'^W 

0675 

'"Au 

2-697d 

»'Au  (/I.y) 
»"Au  (</,p) 
"•Hg  (/..;>) 
»"Pt  ip,n) 

100 

100 
10  02 
10  02 

96  ±  10 

0-675 

i.jitiHg 

10  Oh 

»»'Au  (p,5rt) 

100 

piMHg 

pi.wi.Au 

0675 

198T1 

53h 

0-677 

iiom^g 

253d 

"•Ag(/i,y) 
"•Ag(f/,p) 
"•Pd  {d,2n) 

48-65 
48  65 
11-8 

3  2  ±  04 

P"«Ag 

0-678 

80«po 

8-8d 

*«*Pb  («,2/i) 

140 

P«^Bi 

D"»Rn 
D*^«At 

0680 

^•"Rh 

24m 

"•Pd(y.p) 

26-7 

D"»Ru 

0-680 

"iRn 

16h 

•••Bi  («,2/i) 

100 

P»»At 

p.07po 

Pile  Neutrons 


t  Artificially  Active 


*  Naturally  Active 


131 


y-Energy 
(Mev) 

Nuclide 

Half-Li/e 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Iwtope 

Thermal  Neutron 

Activation 
Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-68 

•»Y 

10-4h 

D»=«Sr 

068 

'•Br 

17-2h 

"Se  (/;,«) 
"As  {a,3n) 

902 
100 

D'«Kr 

068 

•'Ge 

21m 

'"Ge  id,p4n) 

20-55 

P"Ga 

0685 

••"•Mo 

6-95h 

•-Mo  in,y) 
••Zr  (a,n) 
»»Nb  {p,n) 
•'Nb  id,2n) 

15-86 
51-46 

100 

100 

<6mb 

0686 

"«Sb 

2-8d 

"^Sb  (n,y) 
i"Sb  {d,p) 
"^Sn  {p,n) 
^"Sn  (d,2n) 

57-25 

57-25 

4-71 

4-71 

6-8  ±  1-5 

3-4 

0  6861 

>"W 

24-Oh 

'««W  («,y) 

"*W  (d,p) 

28-4 
28-4 

34  ±7 

0688 

"'Nd 

1106d 

i"Nd  (/2,y) 

"•Nd  id,p) 
"»U  (/I,/) 

17-18 
1718 

1-8  ±06 
2-6% 

pi47pm 

0688 

"'Po 

5-7h 

"•Pb  (a,3«) 

25-1 

D2"Rn 

0689 

»»Bi 

14-5d 

J)205po 

D-o'At 

p205pb 

0690 

•••Pa 

l-3ld 

"»Pa  (w,y) 
»Ta  (f/,p) 
»TTi  id,2n) 
*«Th  (a,p3/j) 

+ 
+ 

loo: 
loo: 

200  ±  15 

P282U 

0690 

•»Rb 

6-3h 

"Br  (a,/;) 

50-52 

0690 

'KSa 

14-3h 

"Ga  (w,y) 
"Ga  (^,/>) 
"Ge  (n,p) 
"Zn  -  i3- 

39-8 
39-8 
27-37 

4-0  ±  0-7 

D"Zn 

069 

•'Mn 

1  7m 

Weak 

% 

069 

"»Au 

55s 

"*Hg(y,p) 

6-85 

069 

•Khi 

973m 

"Ni  (a,pn) 
"Cu  (//,2«) 
"Cu  (y,p) 

26-16 
69  1 
69  1 

D"Zn 

0692 

«»«Eu 

12-7y 

0692 

Mipb 

94h 

"Tl  (^,4«) 

29-50 

pjoiji 

D  (62m)««'Bi 

D(l-85h) 
.01  Bi 

D"»Po 

0692 

•^Bi 

II  6h 

"♦Pb  (J,2/») 
»"T1  (n,3n) 

1  40 
29  50 

ptotmpi, 

D»"Po 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


-/-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes       1 
of  Formation 

i 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Crosi  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  </ 

0694 

"«Eu 

16y            ' 

»"Eu  (/l.y) 
»»»Eu  {d,p) 

1 

52-23 
52-23 

420  ^  100* 

0696 

U4pr         : 

17-27m 

Weak 

D"*Ce 

06984 

"Br 

35-87h 

"'Br  (/»,y) 
"Br  (d,p) 
"Sc  {d,ln) 
••Rb  (/».«) 

4948 

49-48 

919 

7215 

3  1  ±0^5 

0700 

"As 

910m 

•'Br(ii.a) 

^•SeC/f./*) 

•-UC/i./) 

4948 
2352 

002% 

D"Ge 

070 

"•Ag 

25m 

070 

"•Ba 

97in 

p»*a 

0-70(?) 

i8.pt 

llh 

P'-Ir 
D*-Au 

070 

lotm.aoimyi 

6-2  X  10  »s 

070 

iitmy^j. 

l-2m 

D"»Pd 

070 

»«'Ho 

3K)h 

•••Er(y.p) 

2707 

-6 

0-70 

15«pm 

2-7h 

"•Nd  {d,7ji) 

560 
5  60 

070 

"«Rh 

210d 

^••Rh  (/i.2/f) 
»»»Rh(y^) 

170 
100 
100 

0-70 

•«Nb 

18  X  lOV 

••Nb(/i.y) 

100 

92 

0-701 

""At 

8-3h 

•••Bi  (a.3/») 

100 

P«"Po 
P»^«Bi 

0-701 

lijmj^g 

10  Oh 

'•'Au  (p,5/i) 

100 

piMHg 

P"»"Au 

0703 

«««Bi 

145d 

145 

D*«*Po 
D»~At 
P»»»Pb 

0704 

loij^o 

1461m 

"•Mo(n,y) 
'••Mo  ((/,/») 

962 
9-62 

0  20  ±  0O5 

P"'Tc 

0-705 

"••"Ag 

253d 

"•Ag(/I.y) 
'-Ag(^./») 
"•Pd  (rf,2/i) 

48-65 
48-65 
11-8 

3-2  ±  04 

P"^Ag 

0-706 

"«Eu 

16y 

"•Eu  (n,y) 
"•Eu  (</,/)) 

52-23 
52-23 

420  ±  100* 

0-708(?) 

«oip5 

9-4h 

"•n  (f/,4/i) 

29  50 

pttiXI 

D(62m)"'Bi 
D(185h) 

••»Bi 
D»^*Po 

*  Pile  Neutrons 
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X  Naturally  Active 


y-Energy 

{Meo) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cenf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

Q1Q9 

204Bi 

11 -eh 

"^Pb  (d,2n) 
^»»T1  ia,3n) 

1-40 
29-50 

paoitnpjj 

J)204po 

0-710 

"*Bi 

11 -eh 

^"^Pb  {d,2n) 

"»T1  (a,3rt) 

1-40 
29-50 

p204mp|j 

£)204po 

0  71 

"Ge 

11 -311 

"Ge  (n,y) 
'«Ge  id,p) 
^"Se  in,a) 
*"U  (n,f) 

7-67 

7-67 

49-82 

80  ±  20mb 
3-7  X  10-"% 

P"As 

071 

.oojc 

15-8S 

^"•Mo  (p,n) 

9-62 

0712 

iooyj 

26- Ih 

*«°Hg  id,2r>) 

100 
23-13 

D^oopb 

0712 

230pa 

17-7d 

"^Th  (a,/75/l) 

""Th  id,2n) 
"iPa  (^,/72a2) 

loot 

100  J 

+ 
+ 

+ 
+ 

P2S0U 

P^oThCIo) 
P«"Ac 

0714 

'»Sb 

609d 

"^Sb(«,y) 

"*Sn  (J,2//) 
"*Sn  (p,rj) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0-5 

0715 

»>Pm 

27-5h 

D»"Nd 

0718 

>«Os 

93-6d 

"*Os  (n,y) 
"">  Re  (p,n) 
"^Re  (f/,2/i) 

0-018 
3707 
37-07 

<200 

0719 

"*Bi 

11  6h 

"*Pb  ((/,2/7) 

"^  (a,3/l) 

1-40 
29-50 

p204mp{j 

J)204po 

0-720 

"«Np 

4-40d 

"»U  (^,3/i) 
"»U  (a,p4n) 
»'U(pan) 

">U  (a,p2n) 

0-720t 
0-720t 
0720t 

t 
t 

D"*Pu 

0720 

"•Ho 

>30y 

072 

'•*Ag 

82d 

"»Rh  (a,/l) 
"»Pd  (^,/i) 
"•Pd  (p,n) 
"'Ag  (/i,2«) 

100 

22-2 
27-3 
51-35 

072 

it.pt 

31m 

""Pt  (n,y) 

719 

719 

29-80 

3  9  ±  0-8 

0-72 

"•Ag 

24-2« 

'"Cd  (/i,/7) 

12-39 

Weak 

D"<""Ag 

0-72 

>«Pd 

8Sh 

P  (4-7d) 

"'Rh 

072 

'•C 

19'lt 

"B(/7,/l) 

18-45 

99 

*  Pile  Neutioiu 


t  Artificially  Active 
134 


X  Naturally  Active 


y-Energy 

(Mev) 

1 

Nuclide 

\ 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 
Abundance  of 

Relevant 
1        Stable 
j       Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radioactive 
Cross  Section       Abwidamceof        Paraa  or 

{Barm)  or           y-Radiatim  \     Dattihttr  of 
Fission  Yield                               i 

072 

^•Tm 

85d 

"»Ho  (a^) 

\  100 

1 
1 
1 

"•Er(p,/i) 

27-07 

"•Tm  (/f.2/i) 

100 

072 

"•Te 

72m 

"•Te  (/f,y) 
"•Te  (d,p) 
"•Te  {n,2n) 
"•Te  (y,/i) 

31  79 
1     3179 
1     34  49 
j     34-49 

0  13  ±  0O3 

D'*«Te 
D"»Sb 

072 

'""Te 

33-5d 

"•Te  (/»,y) 
"•Te  (</,/>) 
»»«Te  (/i,2w) 

31  79 
3179 
34-49 

15  ±  5mb 

j 

)       (M9% 

P"Te 

i 

i 

072 

»««Tc 

14  0m 

'••Mo  (</./!) 
"•Ru(y./») 

962 
31  5 

1 

D"»Mo 

0-721 

...pb 

90m 

p.MJJ 

D"^Bi 

0-722 

••Zr 

65d 

••Zr  (n.y) 

•*Zr(t/./>) 

•"U(/iy) 

17  40 
17  40 

0O9  ±003 

60% 

P»Nb 
P»*'"Nb 

0722 

'"Ce 

33h 

»«Ce(/i,y) 
"HTe  (</,/>) 
"*U  (/I./) 

1107 
11-07 

0  95  ±  0O5 

5-4% 

D"»U 
P'"Pr 
Descendant 
"»Xc 

0722 

,»i| 

8  08d 

"•Te  (</,«) 
"*U(/i./) 

34  49 

2-8% 

3 

D"'Te 

puim-p^ 

0-7224 

••»Bi 

12-3h 

P*"Pb 
P»«»Pb 
D»»»Po 
D"»At 

0723 

nom^g 

253d 

^••Ag  (w.y) 
"•Ag(^,p) 
"•Pd  {d,2n) 

48-65 
48  65 
118 

3  2  ±  0-4 

P»*Ag 

0-723 

"*"In 

500d 

»"In  (n,y) 
"•In  id^p) 
"«Cd  (/),/i) 
"•Cd  {d,n) 
"•In  (y,/l) 
"»In  (/i,2/i) 

4-23 
4-23 
28-86 
12-26 
95-77 
95-77 

56  ±  12 

3-5 

P>"In 

0-723 

"*Sb 

609d 

1 

"»Sb  (/l,y) 
"•Sb  (^,/)) 
»*Sn  idOn)       i 
"•SnO>,/i) 

46-75 

46-75 

5-98 

5-98 

2  5  ±  0  5 

0-725 

»*«Eu 

16y 

"•Eu  (/l,y) 
»»Eu  {d,p)        * 

52-23 
52-23       1 

420  ±  100* 

21 

*PUe 

Neutrons 

t  Artificially 

Active 

I  Naturally  A 

ctive 

13S 


y-Energy  j 

{Mev)        '      Nuclide      ,       Half-Life 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


Qlie 


0-730 
073 


0-73 
0-73 
073 
073 
073 


0-73 


0-74 


074 
074 


>Ru 


i«omHo 


1141 


»As 


0732  "«Pa 

(UX.) 


0740  "'Bi 


•••Rh 
•♦Br 


4-5h 


5  Oh 
5 -60(1 


lO-5m 
28m 

5d 
15m 

4-5d 


26h 


666h 


64d 


074  "»Bk  45h 

0-74  »»"°Cc  55s 


l3-3d 


I30m 
31  8m 


i^^Ru  {n,y) 
^"Ru  {d,p) 


''Cx(j>,ri) 
"Cr  {d,ln) 
"Fe  {d,a) 

"Tb  (a,3n) 
^*'Sm  {pM) 

"^Sb  (a,/l) 
"«Te(/7,w) 
"»Sb  (a,3w) 
"Ga  (a,/i) 
"Ge  (/?,/;) 
"Ge  {d,'ln) 
'♦Se  (J,a) 
"»Pa  (/i,y) 


•'Rb  (n,«) 


18-5 
18-5 


83-76 

83-76 

5-84 

100 
15  07 

57-25 

4-61 

42-75 

60-2 

27-37 

27-37 

0-87 

t 


*"T1  («,3/») 

7050 

"•Pb  {d,ln) 

251 

"Tb  (t/,3n) 

21-7 

"'Am  (a,2/i) 

t 

"*Cm  {d,n) 

t 

"•Ce  (rt,y) 

0250 

"•La  {d,2n) 

99-911 

»»La(/7,/i) 

99  911 

"•Ce  (/i,2n) 

88-48 

"•Sb  («,/i) 

42-75 

"»Te  (f/,/i) 

6-99 

»Te  (/»,«) 

18-71 

"'I  (/j,2n) 

100 

'"I  (y,/») 

100 

27-85 


0-7  ±  0  2 
0  9% 


25  ±4 


5mb 


piosmRi^ 

J3105JC 

Ancestor 

Descendant 

D""Er 


D"»Tb 

pisipm 


D"Se 


P"*U(U„) 

D«"Pa(UX,) 
D»«Th(UX,) 
(0-63%) 

£)206po 

D«"At 
P««*Cm 


*  Pile  Netttroos 
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X  Naturally  Active 


Y-Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

P«-  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent 
Cross  Section       Abundance  of 

(Barns'^  or         i  y-Radiation 
Fission  Yield 

Parent  or 
Daughter  of 

074 

••Mo 

66  Oh 

••Mo  (/i.y) 

HI  5 

045  ±  0  10    , 

P^^Tc 

-Zr(«^) 

280 

••Mo  id,p) 

2375 

^••Mo  {n,2n) 

962 

»-Mo(y.«) 

962 

"•U  (/!,/) 

6-2% 

074 

••Tc 

1-5  X  10^ 

074 

•»Ga 

15-2m 

•♦Zn  (t/,/i) 
••Zn(/»,y) 

48  89 
48-89 

P"Zn 

0-742 

»-Rh 

20-8h 

••Ru  (d/i) 
^••Ru  (rf.2n) 

12-7 
12-7 
12-7 

D»««Pd 

0-743 

••rpo 

5-7h 

•^Pb  («.3n) 

25  1 

D«"Rn 

0744 

ISO] 

12  6h 

»«*I  («.y) 
»»»Ic  {d,2n) 

»»H:s  (n.a) 

t 
34  49 
34  49 
100 

1!  ±4 

0745 

••»Bi 

145d 

D»"Po 
P^~Pb 

0747 

•»Zr 

17  Oh 

-Zr  (n.y) 
••Zr(rf^) 

'••Mo  (/!,«) 
"•U(/iJ) 

280 
280 

962 

01  ±005 

6-2% 

ptT«Nb 

Descendant 
•»Kr 

0-747 

•rmNb 

60s 

••Mo(y.p) 

23-75 

D-'Zr 

P»»Nb 

0-748 

•'St 

967h 

•^r(/i,y) 

•«Zr  (n.a) 

••*U(n/) 

t 
17  40 

10  ±06 
50% 

paiosY 
p.iy 

D(17m) 

•'Rb 
D(14m)»'Rb 

075 

"•Gd 

93d 

'"Sm  (a,2n) 
'"Eu  (p,3n) 

1507 

47-77 

0-75 

"Ta 

53h 

»"Lu  (a,2n) 
"•Lu  (a,3n) 
"'Hf(p.«) 

97  40 

260 

1856 

D»"W 

-0-75 

l.l£)y 

139-2m 

"*Dy  (n.y) 

28  18 

2100  ±  300* 

0-75 

u.pr 

244m 

iy*H:e 

0-75 

i»«Sb 

9-6h 

0-75 

1»8I 

2499m 

"^I  (n,y) 
"Te  (i/,2n) 
"Te(p.ii) 

100 
31-79 
31-79 

5  6  ±  0  3 

0-3 

*  Pile  Neutrons 
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X  Naturally  Active 


y-Energy 
{Mev) 


Nuclide 


Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


0-75 
0-75 

0751 

0-752 


0754 


0-754 


0-755 

0-758 


07583 


076 


076 


0-761 


>»Sb 
'•Br 

•"Th 

«*Np 


•Zr 


•Bi 


•"Ho 
••Bi 


»Bi 


0759 

>"Eu 

0760 

"•Pu 

0-76 

iMir 

076 

»"Sb 

•Rh 


''Br 


*h\ 


103m 

17-2h 

22-12m 
440d 


65d 


6-4<l 


5  Oh 
14-5d 


12-3h 

16y 
864y 


9-7d 
88h 


210d 


57h 


145d 


'*Se  (j>,ri) 

"As  (a,3«) 

"-Th  {n,y) 

"^Th  {d,p) 

"^U  {dM) 

"^U  {a,pAn) 

"*U  (/7,2/i) 

"*U  {d,n) 

"»U  {a,p2n) 

"Zr  {n,y) 

•*Zr  {d,p) 

*«U(n,/) 

"m  (a,3/l) 

"*Pb  {d,2n) 

»'Pb  {d,3n) 


"»Eu  {n,y) 
"*Eu  {d,p) 
"*U  {d,2n) 
"•U  («,4w) 
"»U  (a,n) 
"•Pt  {n,p) 
"»U  (/I,/) 


••»Ru  {d,n) 
"»Rh  (/I.2/I) 
"«Rh  (y,n) 
'•Sc  (^,/t) 
"As  (a,2«) 
'*Se(a,/7) 


902 
100 
lOO: 

loot 

0720t 
0-720t 
0-720t 
t 
t 
17-40 
17-40 

70-50 

251 
21-7 


52-23 
52-23 
99-2761 
99-276: 
0-720: 
25-2 


170 
100 
100 

9  02 
100 

0-87 


7-33  ±  0-12 


0-09  ±  0  03 

60% 


420  ±  100* 


0  094% 


—5  X  10-» 


Di"Sn 
D"Kr 

p238pa 

D'»*Pu 


p.5|Sfb 

p95m]sf5 

£)206po 
D210At 

D"°Er 

£)205po 

D^o'At 

p205pb 
p203pb 

pzosmpi^ 
£)2ospo 

D"'At 


D"»Np 
D"*Cm 


pi27je 

(84%) 

pi»7mjg 

(16%) 
D"'Sn 


pTTHlge 


D"»Po 
D'^At 

p.06pj, 
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:  Naturally  Active 


Nuclide 


Half-Uft 


Some  Modes 
oj  Formation 


Per  Cent     ' 
Abundance  of 
Relevant 
Stable 
Isotope       j 


Thermal  Neutrom 

Activatiom 

Cross  Section 

(Bams)  or 
Fission  Yield 


Per  Cent     j 
Ahetdanceafl 

y-Radiatioml 


Radioactive 
Pmrmu  or 
Daughter  of 


0762  '""'Hg 

0764  '"Re 


»»>Pb 
(AcB) 


^Ag 


0-764         i  '"»Ag 
0765  "Nb 


•Pb 


'•""Ho 


™Tc 


•*™Rb 
(RaQ 


'"•Ir 

234mpa 


20-Oh 

10  Oh 
88  9h 

36  Im 
253d 


66in 
35d 

94h 


5  Oh 
143h 


60d 


63h 
19-7m 


15h 
1  175111 


"Mo  (a,p) 
•»Mo(a/i) 
••Mo  {d,ln) 
"'Au  0»,5/i) 

^••Rc  (n,Y) 
»»Re(y./.) 
"»Re  (d,p) 
"'Re  (n,2n) 
^••W  (dOn) 


^••Ag  id,p) 
"•Pd  (d,2n) 

••Nb  (n.y) 

•'Mo  id,a) 

"•n  (dM) 


"Ga  (/f,y) 
"Ga  {d,p) 
'•Ge  {n,p) 
"Zn-/3- 
•»Mo  idOn) 
"Mo  {p,n) 
•*Mo  (<y,/i) 
"Br  {a,n) 


»Pa  (/i,y) 


15  86 
15  70 
15  70 
100 

37-07 
6293 
37-07 
6293 
28-4 


48-65 
48  65 
11-8 

t 
945 
29  50 


398 
39-8 
27-37 

15  70 

15  70 

912 

5052 


->90 


100  r  20 


3  2  ±  0-4 


15  ±4 


40  ±  0  7 


43  ±  5 


P"«Hg 

P"«»Au 


D»»»Po 

(AcA) 
P«>'Bi(AcC) 
P'>»Ag 


p«~Pd 
D"Zr 

D»»Nb 

pMlJl 

D(62m)««»Bi 
D(185h) 

••'Bi 
iy«»Po 

D"Zn 


D"'Pb 

(RaB) 
D"«At 
P"«Po 

(RaC) 
P>Tl(RaC') 

£)lMpt 

D»»«Th 

(UX.) 
P"*U(U„) 
P»*Pa(UZ) 


*  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 
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■/-Energy 

(Af«;) 


Nuclide 


Half-Ufe 


,     Per  Cent 
;  Abundance  of 
Some  Modes  Relevant 

of  Formation  Stable        ' 

i       Isotope 


Thermal  Neutron', 

Activation 
Cross  Section      j 

(Barns)  or         \ 
Fission  Yield 


Per  Cent 

Abundance  of 
y-Radiation 


Radioactive 

Parent  or 
Daughter  of 


0-770 
0770 

077 


0-771 


0771 

0-775 
07769 


0-779 
0780 

078 


0-78 
0-78 

0-78 
078 
0-782 
0783 

0787 

0-787 
0-788 


••Nb 


MTc 


••Br 


"•Hg 


(RaC) 


"•Am 

»MTa 
•••Ir 

"»Eu 
'"Au 

Mtmpi, 


29h 
23-35h 

13-5h 


4-20d 


5-7h 

15h 

35-87h 


9-5h 


5-5h 


1 -32111 


2-26h 
250m 

8-7h 
50s 
12-7y 

4-7h 

261h 

3-62h 
60d 


••Zr(p,n) 
»«Mo  (d,a) 
"«Pd  (n,y) 
"»Pd  id,p) 
""Pd  (y,p) 
lo'Ag  in,p) 
"*U  («,/) 
"Mo  (d,2n) 
••Mo  (p,/i) 
•»Nb  (a,w) 
•»Mo  (J,/i) 
"•Pb  (a,3n) 


"Br  (/i,y) 
"Br(^,p) 
•*Se  (^,2«) 
•»Rb  (/I,a) 
"'Au  (/7,3/i) 

"•Bi  (a,4/i) 


"I  («,y) 


••«W  (/t,p) 
'••Pt  (n,p) 

"»Ir  (a,3n) 
'•'Pt  (d,2ft) 
'•'Au  («,/7) 
»»"Hg  (J,2n) 

••Mo  (d,2n) 
••Mo  (/?,/;) 
•«Mo  (d,n) 


2-80 
23-75 
26-7 
26-7 
11-8 
48-65 

16-50 
16-50 
100 
15-70 
25-1 


49-48 

49-48 

919 

72- 15 

100 

100 


306 
7  19 

38-5 
0-78 

100 

23  13 

15  70 

15  70 

9  12 


10  ±2 


0-028% 


100 
Weak 


31  ±0-5 


50  ±40 


P"'Eu 


[D"«Rh]  ? 

piotm^g 


D*"Rn 
D*'>'At 
D"«Pt 


D"*T1 

p20»po 

paosgi 

D"*Bi 
(RaQ 

psiopb 

(RaD) 

P«"Cm 
D"»Pu 


D»«Hg 
Dtoopb 


*  PUe  Neutrons 


t  Artificially  Active 
140 


X  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

P«fr  C«»./ 

Abundance  of 

Relevant 

Stable 

Itotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 

PtrCmt 
AbunJimeeo/ 
y-Radutiom 

Radioaetiv* 

Parent  or 

Daughter  rf 

0-788 

»*«Re 

50d 

"'Ta  («^) 
"»W  (a,pn) 

'•*W(/7,/T) 

"•W  (d,n) 
»"Re  in,ln) 

999877 

26-4 

306 

144 

3707 

Weak 

0-790 

"Ga 

77  9h 

••Zn  (</,«) 

27-81 
4  11 

D"Ge 

1    ''' 

•••Pt 

31m 

'••Pt  (n.y) 

719 

3  9  ±  0-8 

»-Pt  (</.;») 

719 

•••Hg  (/!.«) 

29  80 

0-79 

"Mr 

74-37d 

•••Ir(/»,y) 
"'lr(rf^) 
»»«Ir  (/i.2n) 
'•«Os  (</,2n) 
'•«Pt(y.;7/i) 

385 
385 
615 
410 
329 

700  ±  200 

079 

>"Gd 

93d 

'•»Sin  (a,2n) 
'»'Eu  (;»,3ii) 

1507 

4777 

079 

'«Sb 

42h 

P>»Tc 

079 

"Gc 

11  3h 

^H3e(/i.y) 
^•GcW^) 
••Se  (lt.a) 
-'U(n./) 

7  67 

7-67 

4982 

80  ±20mb 
3  7  X  10-«% 

F»As 

0791 

"*Bi 

116h 

••*Pb  {d,2n) 
••m  («,3ii) 

140 
29  50 

pmmp^ 

D»*«Po 

0793 

"«Re 

50d 

'•'Ta  (a,n) 
'••W  {a,pn) 
'•'WO*,/!) 
'••W  (</,/!) 
'•»Re  (n2n) 

999877 
264 
306 
14  4 
37  07 

40 

0793 

«"Pa 

22h 

P"*Ac 

0796 

"*Cs 

207y 

'••Cs(ii,y) 
'••Cs(rf./>) 
»*Xe  (</,2/i) 
»*Xe(p^) 

100 

100 
10  44 
1044 

30±  1 

(RdTh) 

0-80 

i.spr 

20h 

''•Ce(/),3/i) 

88-48 

080 

i.oir 

Ud 

'"Re  (a,w) 
'•«Os  (^,2/1) 
'•'Ir(/i.2/i) 

6293 

264 

38-5 

080 

«"Ra 

38s 

0O2 

D"Th 
P"»Rn 
D»"Fr 

*  PiJe  Neutrons 


t  Artificially  Active 


J  Naturally  Active 
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Y-Energy 

{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cewr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-8 

"*Hf 

-5y 

i^'Yb  (a,2/i) 

I'^Yb  (a,3/i) 
"*Lu  (/;,4/i) 

3  03 

14-31 
97-40 

P  (6-7d) 

-08 

»«Pm 

5-3d 

"'Pm  in,y) 
""Nd  (dan) 

t 
5-72 
5-72 

60  ±20 

~0-8(?) 

i..pr 

70m 

08 

"»La 

40h 

"»Cs  («,4/i) 

100 

D"3Ce 

0-801 

"♦Cs 

207y 

»»Cs  («,y) 
'''Csid,p) 
"^Xe  (c^,2/i) 

100 

100 
10-44 
10-44 

30  ±  1 

0803 

2S4mp^ 

1  175111 

"'Pa  («,y) 

t 

43  ±  5 

D"*Th 

(UX,) 
P"*U(U„) 
P"*Pa(UZ) 

0803 

awpa 

(UX,) 

6-66h 

»'Pa(//,y) 

t 

25  ±4 

P"*U(U„) 
D"^Pa(UX») 

D234Jh(UX,) 

(0-63%) 

0803 

"•Bi 

6-4d 

-«*T1  (a,3/l) 

-"•Pb  id,2n) 
"'Pb  (J,3«) 

7050 
25- 1 

21-7 

£)206po 

D"»At 

0804 

"•Po 

(RaF) 

138-401d 

"-Pb  (a,2n) 
"•Bi  (J,/i) 

"•Bi(/7,y) 

52-3 

100 
100 

D(2-6  X  10«y) 
»«'Bi(0-4%) 
D^-At 
D^i-BiCRaE) 

0804 

•T^b 

23-35h 

••Zr(/;,/i) 
•»Mo  (d,a) 

2-80 
23-75 

6 

0805 

IMAg 

82d 

'""Pd  (d,n) 
'••Pd  (/7,/i) 
«"Ag(/i,2/i) 

100 

22-2 
27-3 
51-35 

0806 

••Tc 

420d 

••Mo  (d,2n) 
••Mo  (/>,/») 
••Nb  («,//) 
•'Mo  («/,«) 

16  50 
16  50 
100 
15-70 

0807 

tMinpa 

1  175m 

"•Pa(/i.y) 

t 

43  ±5 

D"«Th(UX,) 

P"«U(Uj,) 

P»"Pa(UZ) 

*  Pile  Nemrons 


t  Anifldally  Active 
142 


X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

1 

Half-UJe 

Some  Modes 

of  Formation 

1 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

PtrCtsu 
AbtmdtMHCtef 
y-Radiatum 

Radioactive 

Parent  or 

Daughter  ef 

0808 

to.po 

8  8d 

!    "*Pb(a,2H) 

140 

P*»«Bi 

D»'»Rn 

Ty**At 

0-808 

"»Os 

13-5h 

'«RcO>,3/i) 

37  07 

P»*«Rc 

0810 

"Ga 

14-3h 

''Ga  (n.y) 
"Ga  {d,p) 
"Ge(/i.p) 

"Zn  -^- 

39-8 
398 
2737 

AH  ±0-7 

D'»Zn 

0810 

"•Pu 

864y 

"•U  {dOn) 

"•U  (a,4/l) 
•••U  («./r) 

99276: 

99  276: 

0720: 

D**H:m 

081 

.•OJC 

IS  8s 

'••Mo  (p,n) 

962 

0-81 

"•Ag 

24-2S 

"•Cd  («,/») 

1239 

Weak 

D»«»Ag 

081 

'"La 

1  X  10>»y 

0^)89 

0  81 

"Br 

31  8m 

•'Rb  (/l.a) 

27-85 

0  81 

"Ga 

68m 

••Zn  (p,/i) 
•'Zn  (</,/!) 
•*Cu  (a,ll) 
'•Ge  (y.p/i) 

1856 
4  11 
309 
2055 

I>«Ge 

081 

"Ni 

64d 

•«Fe  (a,2/i) 

5-84 

P*«Co 

0-81 

'•Co 

71 -Sd 

••Ni  (/I.P) 
»»Mn  («,n) 
"Fe(p./f) 
'•Fe  (a,np) 

67  76 
100 
031 
9168 

0-81 

"*Sn 

9-4d 

'•♦Sn  (/T,y) 

598 
5  98 

4  x2mb 
0012% 

P"*Sb 

0-813 

»*Np 

440d 

»»*U  (J,3/i) 
•••U  (a,/>4n) 
««»U0'.2/.) 

"»U  {a,p2n) 

0720: 
0720: 
0720: 

t 
t 

D*»*Pu 

0  813 

"Br 

57h 

"Se  (J,/i) 
"As  (a,2/l) 
'*Se  (a,p) 

9^2 
100 

087 

P'^Se 

0  815 

»"La 

40-22h 

'"La  (/i,y) 
"•La  (J,p) 
"•Ce(fi,p) 

99  911 
99  911 

88-48 

8-2  ±  0-8 

iy»^Ba 

0-816 

so.Bi 

6-4d 

••*Ti  (a,3/l) 
•••Pb  (d,2n) 
••'Pb  (^,3/i) 

7050 
25  1 
21-7 

D*^«Po 
D*"At 

0-817 

"•■°Ag 

253d 

»-Ag(/.,y) 
^-Ag(^,p) 
"•Pd  {d,2n) 

48-65 
48-65 
11-8 

3  2  ±  0-4 

P"»Ag 

•  Pile  Neutrons 


•f  Artificially  Active 


:  Natiirally  Active 
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Y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cewf 
Abundance  of 

Relevant 
•      Sra6/e 
Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

0-818 

sanRb 

6-3h 

"Br  (a,n) 

50-52 

0-8197 

«o»Bi 

12-3h 

pEOSpb 

piosmpb 
D*ospo 

D"'At 

0820 

"•Ho 

>30y 

0-82 

'"Er 

31b 

pieiHo 

0-82 

"•Pm 

2-7h 

'*»Nd  (p,n) 
"«Nd  id,2n) 

5-60 
5-60 

082 

"«Tm 

85d 

"'Ho  (a,n) 
""ErO?,//) 
"»Tm  in,2n) 

100 
27-07 
100 

0-82 

"•Rh 

130m 

0-82 

"iRe 

20h 

0-82 

»«Bk 

l-8d 

-40 

0  821 

»"Pa 

1  31d 

"'Pa(n,y) 
*"Pa  id,p) 
»"Th  (d,2n) 
*»*Th  ia,p3n) 

+ 
+ 

+ 
lOOJ 

loo: 

200  ±  15 

P"*U 

0-822 

"•Cs 

12-9d 

"»Cs  (n,y) 
"»La  (n,a) 

t 

99-911 

13  ±4* 

0-823 

'••Rh 

208h 

"Ru  (^,/i) 
"»Ru  (^,2«) 
"ORu  ip,n) 

12-7 
12-7 
12-7 

£)ioopd 

0-825(?) 

»"Pb 

94h 

"»T1  (^,4/j) 

29-50 

P*"T1 

D(62m)'"»Bi 

D(l-85h) 

D««*Po 

0825 

M*fnpb 

6-ls 

D"»Bi 

0825 

'•Mr 

41 -5h 

"'Re  (a,3n) 
"»Re  (a,/i) 
"•Os  (</,2/i) 
"•08(p.3/i) 

62-93 
37-07 
13-3 
16-1 

D"»Pt 

08252 

"•Hi 

12-3h 

P"»Pb 

paosmpb 

D»»Po 
D"'At 

08276 

"Br 

35-87h 

■'Br  (/i,y) 
•'Br  (^,p) 
"Sc  (d,2n) 
•»Rb(/i,«) 

49-48 

49-48 

919 

7215 

31  ±0-5 

*  Pile  Neotrona 


t  Artificially  Active 
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X  Naturally  Aaive 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  FormatioH 

Per  Cent 

Abundance  of 

Relevant 

Statu 

Isotope 

Thermal  Snitron 

Activation              Per  Cent 
Cross  Section       Abundance  of 

(Bams)  or         i  y-itodyoltM 
Fission  Yield      1 

Radioactive 

Parent  or 

Daughter  of 

0828 

"Re 

16  7h 

'"Re  (/f,y) 
'"Re  {d,p) 

62-93 
6293 

75  ±  15 

033 

D"»W 

0829 

"'Pb 
(AcB) 

36  Im 

D«»Po(AcA) 
P"»Bi(AcC) 

0829 

200X1 

26  Ih 

'"Au  («,/!) 
^HgidOn) 

100 

23  13 

D»^Pb 

0830 

"Mr 

41  5h 

'"Re  (a,3/i) 
'"Re  (a,/i) 
'••Os  (</,2n) 
'••Os(f/.3/i) 

6293 
37-07 
133 
161 

D»»«Pt 

083 

•Hja 

945h 

•»Cu  (.../I) 
••Zn  (</.2/i) 
••Zn  (/?,/i) 

69  1 

27-81 

27-81 

I>Hjc 

083 

••Cu 

5  10m 

•»Cu  (/l,y) 
•»Cu  (</,/») 
••Zn  (/I.P) 

30-9 
309 
27-81 

1-8  ±  04 

D-Ni 

083 

'•«Re 

28in 

0-83 

"Ca 

4-7d 

••Ca  ( J,/») 

0-0033 

~5 

P^^Sc 

0-8334 

'•Kr 

34-5h 

"•Kr(/i,y) 
"Sc  («,«) 
"Br  (^.2/1) 
"Br  (ah) 
"Kr  {d,p) 

0-354 
902 
5052 
5052 
0354 

20  ±  0  5 

0834 

'Hja 

14-3h 

"Ga  (n.y) 
"Ga  (</^) 
'»Ge  (/i./>) 

39-8 
39-8 
27-37 

4-0  X  0  7 

D'*Zn 

0-834 

"Mg 

9-45m 

"Mg(/I.y) 

1129 

27  ±  5mb 

0-835 

44  Y 

55s 

0-835 

"As 

26h 

••Ga  (a,/i) 
'*Ge  (/»./!) 
"Ge  (</,2/i) 
"Se  (rf.a) 

60-2 

27-37 

27-37 
087 

D'«Se 

0-837 

»«Eu 

9-2h 

'»'Eu  (/l,y) 
"'Eu  (^,/7) 
"»Eu  (/i,2/i) 

47-77 
47-77 
52-23 

1400  ±300* 

0-838 

•sm^jx 

60d 

•»Mo  (f/,2«) 
•*Mo  (/?,«) 
•«Mo  {d,n) 

15-70 

15-70 

912 

0840 

••Nb 

23-35h 

••Zr  (/>,/!) 

2-80 

23-75 

16 

0840 

"Mn 

291d 

"Fe  (^,a) 

9168 
100 

"Cr  {p,n) 

2-38 

•  Pile  Neutrons 


I  Artificially  Active 


X  Nat\irally  Active 
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y-Energy      • 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Ce«r 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 

Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

084 

ii7nicd 

3 -Oh 

"•Cd(/I,y) 
"*Cd  {d,p) 

7-58 
7-58 

1-5  ±0-3 

Ancestor 

ii7injn 

D"'Ag 

084 

"»Bk 

4-5h 

"^Am  {a,2n) 
^"-Cm  {d,Ti) 

t 

t 

P^"Cm 

084 

"Sc 

3-92h 

"Ca  {p,n) 
«Ca  {d,ri) 

0-145 
0-64 

Weak 

0-842 

*o«Bi 

6-4d 

"^Tl  («,3/i) 
^o^Pb  {d,2n) 
^«Tb  (f/,3n) 

7050 

25-1 

21-7 

D206po 

D"<»At 

0-842 

••Tc 

4-20d 

»«Mo  (^,2w) 
••Mo  (/7,n) 
"Nb  (a,/l) 
•»Mo  id,n) 

16-50 
16-50 
100 
15-70 

0-844 

"*Pa 

l-31d 

"Ta  (/i,y) 
"•Pa  (^,/>) 
"n"h  (^,2n) 
"Th  (a,;>3/j) 

+ 
+ 
+ 

loo: 
loot 

200  ±  15 

P"*U 

0-845 

»*Mn 

2-576h 

"Mn  (n,y) 
«Mn  (^,/7) 
*»Co  (/r,a) 
"Fe(y,/)) 

100 
100 
100 

2-17 

13-3  ±  0-2 

0845 

^•Co 

77-3d 

"Fe  (f/,2//) 
"Ni  (y,p/i) 
"Fe  («,«/?) 

91-68 

67-76 

5-84 

D"Ni 

0-846 

'•'Cd 

6-7h 

•"•Cd  («,y) 
•o'Ag  {d,2n) 
""Ag(An) 

1-22 
51-35 
51-35 

10  ±0-5 

piOTmAg 

1 

08467 

»»Bi 

12-3h 

P»»«Pb        ^ 

pzosmp^ 

£)203po 

D^^'At 

085 

"Kr 

2-77h 

"Kr  («,y) 

t 

<600 

P"Rb 
D"Br 

085 

•'Kr 

78m 

••Kr  (n.y) 
••Kr(^,/j) 
"Rb  (n,p) 

17-37 
17-37 
27-85 

60  ±  20mb 

D"Br 

085 

•••Tc 

140m 

••"Mo  (^,/i) 
••^Ru  iy,p) 

9-62 
31-5 

D»""Mo 

085 

••Cu 

23  4m 

••Ni  (p,«) 
••Ni  {d,2n) 
••Ni  («,p/i) 

2616 
26  16 

67-76 

1 

15 

D"Zn 

*  Pile  Neutrotu 
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X  Naturally  Active 


y-Energy 

{Mev) 


0-85 


-0-85 
0-852 
0-859 

0-86 


0-86 
086 


086 
0861 


0-861 

0-862 

0-862 

0-865 
0-868 


Nuclide 


""Np 
i8»Os 

208TJ 


(ThC) 
•1 


•'Ge 


1«4J 


isoepQ 

-"Pa 


Half-Life 


20-8h 


7-3m 
13-5h 
3-lOm 

133d 


21m 
6-68h 


52-5m 
10  Oh 


33h 

19-5h 

8-8d 

16h 
131d 


Per  Cent  Thermal  Neutron 

I  A bundance  of  ^  Ac tiva tion 

Some  Modes            Relevant  Cross  Section 

of  Formation              Stable       ]  {Bams)  or 

Isotope  Fission  Yield 


Per  Cent  Radioactive 

Abundance  of        Parent  or 
y-Radiation       Daughter  ef 


'V  (n,f) 


»»Np  (n,Y) 
'"Re  0),3/i) 


'»»Sb  (a^) 
'»Te  id,n) 
"•Te(/>,/i) 
»"I  (/j.2n) 
»"I  (y,n) 
^•Ge  (d,p4n) 


"•U  (if,/) 

i»'Au  (j},5n) 


"«Ce(/.,y) 
»*-Ce  (d,p) 
»»U  in  J) 

>»h:s  (a,2n) 
"♦Ba  id,n) 
i»*Ba  (p,n) 
"«Pb  (a,2«) 


"•Bi  (a,2n) 

*"Pa  (/l,y) 
»^Pa  (d,p) 
"*Th  (f/,2fl) 
"*Th  (a,/»3/i) 


t 
37-07 


42-75 
6-99 

1871 
100 
100 

2055 


100 


1107 
11^7 


100 
2-42 
6-59 
140 


100 


lOO: 

loo: 


4-6% 


35       10' 


56% 

5-7% 

0  95  ±  0^5 
5-4% 


5 

Descendant 

i.«nje 

P>»»Xe 

pi>«n>Xe 

(2-4%) 

D»»«Tc 

6 

iy"u 

P'"Re 

15 

D^'»Bi(ThQ 

11 


200  ±  15 


P«^Ga 

P'»»™Xe 

(30%) 
P"»Xc 

(70%) 
D»»»Te 
I>»*Te 
P"»Hg 
P"«"Au 


iy"La 
pi4.pr 

Descendant 
»»Xe 
D"»Ce 


P»^Bi 
D»"Rn 
D*»«At 
P»"At 

pi.7po 

P»«U 
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X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

1     Per  Ce«r 

Abundance  of 

Relevant 

Stable 

Isotope 

1 

Thermal  Neutron 

Activation             Per  Cent 
Cross  Section       Abundance  of 
{Barns)  or           y-Radiation 
Fission  Yield 

1 

Radioactive 

Parent  or 
Daughter  of 

0-870 

••Ge 

404h 

••Ga  id,2n) 

60-2 

1 
1 
1 

D"As 

"Ga  (p^n) 

60-2 

"Zn  («,/i) 

'     27-81 

0870 

(AcC') 

4-79m 

"*Pb(y,p) 

21-7 
52-3 

-0-5 

D^"Bi(AcQ 

087 

'"La 

77m 

Di"Ba 

087 

'"*Rh 

30s 

D"«Ru 

087 

^^Kr 

Mh 

'♦Se  ia,n) 

0-87 

087 

"Nb 

l-8xlO*y 

"Nb  (/i,y) 

100 

92 

087 

"•Cs 

32-2m 

""Ba  (/!,/>) 

71-66 

4 

D^'^Xe 

»'Cs  (n,y) 

t 

<2 

Descendant 

188J 

087 

I..I 

86s 

"»U  (/I,/) 

3-1% 

0-87 1(?) 

"*Np 

210d 

*"Np(/;,y) 
"TNrp(rf,/>) 
"«U  (J,2n) 
"«U  (a,/;3n) 

t 

t 
99-276J 
99-276J 

169  ±6 

P"«Pu 

D^-'^Am 

0-871 

LsniHg 

10-Oh 

"'Au  (p,5n) 

100 

pi.8Hg 

piMm^u 

0-872 

"Cu 

81-5S 

"NiO?,y) 

67-76 

0872 

'"^Os 

93  6d 

"♦Os  (w,y) 
"*Re  (p,n) 
"»Re  (</,2/j) 

0-018 

37-07 
37-07 

<200 

0-872 

»"Eu 

12-7y 

0-873 

'••"Ho 

5-Oh 

DieoEr 

0-874 

•«Tc 

53m 

»«Mo  (j},n) 
•♦Mo  (^,2«) 

9-12 
912 

D"Ru 

0875 

»»Pu 

86-4y 

»«U  (f/,2«) 
"•U  («,4/i) 

-U(a^) 

99-276J 

99-276: 

0-720: 

'-2  X  10-» 

D2»«Np 
D"*Cm 

0875 

u«Eu 

16y 

»»Eu(«.y) 

52-23 
52-23 

420  ±  100* 

13 

0877 

"«Pa 

(UX.) 

6-66h 

"•Pa(/i,y) 

t 

25  i  4 

P"*U(U„) 

D»«Pa(UX,) 
D"*Th(UX,) 
(0-63%) 

0-878 

»*Ne 

3-38m 

piimjsia 

P"Na 

0-879 

••""Hg 

10-Ob 

»"Au07.5/i) 

100 

pi..Hg 

pi.imAu 

*  Pile  Neutron* 
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X  Naturally  Active 


Y- Energy 
(Mev) 


Nuclide 


Half-Ufe 


Per  Cent     I     Themud  Neutrom 
,  Abundance  of  t         Activation  Per  Cent 

Some  Modes  Relevant     \      Cross  Section      \AbtPukmceof 

of  Formation      I        Stable  (Bams)  or         i  y-Radiation 

Isotope       I       Fismm  Yield 
i i 1 


Radioactive 

Parent  or 

Daughter  of 


0-879 


0-880 
0880 

0880 

0-88 
0-88 
0-88 
0-88 


0-88 
0-88 


0-88 

0-88 
0-88 


0-88 
0-881 


0-884 


0-885 


0-885 
0-885 


0-885 


"'Os 


"Ga 

"•Ag 
"Br 
"Ga 
•»Cu 


*Br 

•Rb 


"»Ir 

180Re 

(AcC') 


»Ag 


•Np 


"•""In 


•Sc 


93  6d 


5  Oh 
72-3d 

77  9h 

24-2S 
60m 
7-8m 
9-73m 


31-8m 
330d 


2-3h 

2  4m 
0-52S 


55m 
6-4d 


253d 


210d 


5  Oh 
74-37d 


83  •9d 


»»Re(;>./i) 
'"Re  id,2n) 

>»»Tb  (n,Y) 
'"Gd  {d,2n) 
••Zn  id^) 
"Zn  (j>,n) 
"•Cd  (n,p) 


••Ni  {a,pn) 
"Cu  in,2n) 
•»Cu  (y,p) 
"Rb  (/i.o) 
"Br  (a,/i) 
"Rb  (/»,2n) 
••Sr  (d,a) 
"•Pt(y./») 
"'Pt  (/I.P) 


"•Cd  (d,2n) 
"»T1  (a,3/l) 
"•Pb  id,2n) 
"Tb  (^.3/1) 
"•Ag(/i,y) 
"•Ag  (d,p) 
"•Pd  (</,2/i) 

"'Np  («,y) 

"'Np  id,p) 
»»U  (</,2/i) 
"»U  (a,p3n) 
>"Ag  (a,3/») 
•"Ir  (n,y) 
"4r  (J,p) 
"»Ir  (/i,2«) 
»"Os  (d,2n) 
»*Pt  (y,p/l) 

**Ti  (n,p) 


0O18 
3707 
3707 

100 
21-9 
27-81 
4  11 
12  39 


2616 
69  1 
69  1 
27-85 
4948 
7215 
9-86 
25-2 
33*8 


088 
7050 
251 
21-7 
48-65 
48  65 
118 
t 
t 
99-276: 
99-276: 
48-65 
38-5 
38-5 
61-5 
410 
329 
100 
7-99 


<200 


>22 


Weak 

70 

Wfldc 


3-2  ±  0  4 


169  ±6 


700  ±  200 


D»«*Er 

D*'Gc 
D»i»Ag 

D"Zn 


I>«K)s 


D«"Bi(AcC) 

D"»At 
D*"Rn 

D»^Po 
D«"At 

P"»Ag 


P"«Pu 
D»"Am 


*  Pile  Neutrons 


t  Artificially  Active 


:  Naturally  Active 


149 


y-Energy 

{Mev) 

Nuclide      \ 

Half-Life 

Some  Modes 
of  Formation 

j 

Per  Cenr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-888 

1830s                   1 

13-5h 

"*Re  {pM) 

ZlOl 

pi83Re 

0890 

'"Mo 

14-61m 

^•«Mo  (n,y) 
""Mo  {d,p) 

9-62 
9-62 

0-20  ±  0-05 

pioiTc 

0890 

"»Os 

13-5h 

"»Re  (/7,3/i) 

37-07 

pissRe 

089 

loojc 

15 -88 

lo^Mo  (j),n) 

9-62 

089 

'"Ho 

28m 

"•Tb  (a,3/j) 

100 

089 

"*Eu 

5<i 

"'Sm  07,3/1) 

15-07 

D'"Tb 

089 

"Rh 

4-7h 

••Ru  Cp,n) 
"Ru  {d,n) 

12-7 
1-91 

D»»Pd 

089 

"•"Rb 

23m 

"Br  (a,n) 
««Rb  {n,ln) 

49-48 
72-15 

089 

is4Ta 

8-7h 

"♦W  (n,/7) 

30-6 

089 

"'Bi 

80y 

"«Pb  (^,3/i) 

52-3 

D"iAt 

p207mpb 

089 

'••Sn 

181m 

Ancestor 

'"•In 

piosmin 

0892 

"To 

5-7h 

"•Pb  (a,3w) 

25-1 

D2"Rn 
D^"At 

0894 

'H3a 

14-3d 

"Ga  (/7,y) 
"Ga  {d,p) 
"Ge  (/i,;7) 
"Zn  -  i3- 

39-8 
39-8 
TI-31 

4-0  ±  0  7 

D"Zn 

0895 

"Th 

22- 12m 

»*Th  (n,y) 

loot 
loot 

7-33  ±0-12 

014 

P"Ta 

0-895 

»»«Bi 

6-4d 

"'Tl  (a,3/j) 

"•Pb  (^,2«) 
••'Pb  {d,3n) 

70-50 

25-1 

21-7 

D206po 

D^oAt 

0895 

>"Rc 

20h 

0-895 

>MRC 

SOd 

">Ta  («,/») 

»»W  (a,p/l) 

"«W  (j),n) 

"•W(/7,/l) 

»"Re  (n,2w) 

99-9877 
26-4 
306 
14-4 

37-07 

15 

08% 

"*Pa 

1  31d 

"'Pa  (/7,y) 

"'Pa  (<^,/7) 
»»*Th  id,ln) 
"TTi  («,/>3/i) 

+ 
+ 

loot 
loot 

200   t  15 

P"«U 

0899 

i 

66  9m 

"»T1  (</,3«) 
"*Pb  (w./j) 

29  50 

70-50 

1-40 

D«"Bi 

08992 

1     M«BJ 

1 

11 -6h 

«"Pb  {^,2/j) 
•••n  («,3/;) 

1-40 
29  50 

pi04mpb 

D»»*Po 

0900 

!  '"Gd 

29h 

P"^Eu 

*  Pile  Neutrtrnt 
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t  Naturally  Active 


y-Energy      \ 
(Mev)  Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope       i 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioactive 

Abundance  of         Parent  or 
Y-Radiation        Daughter  of 


090 

"Nb 

14  60h 

••Zr  (d,2n) 
••Zr(/»,n) 
"Mo  (d,a) 
•*Mo  iY,pn) 

5146 
5146 
15  86 
15  86 

D"Mo 

090 

•*Nb 

lOld 

"Y  («,/!) 

"Nb  (y,/») 
"Mo  (d,a) 
"Mo  in,p) 

100 

1711 
100 
912 

15-86 

090 

"As 

26h 

"Ga  ia,n) 
'*Ge  (p,n) 
"Ge  (d,2n) 
"Se  {d,a) 

602 
27-37 
27-37 
0-87 

D"Sc 

090 

"•Sb 

16m 

090 

'"Sb 

9h 

D>»«Sn 

090 

»"Sn 

94d 

'"Sn  (w.y) 
»"Sn  id,p) 
"*U  in  J) 

5-98 
5-98 

4  ±2mb 
0012% 

P'»Sb 

090 

"Zn 

2-2m 

'*Ge  (/i.a) 

36-74 

Weak 

090 

»"Bk 

4-4h 

"»Am  (a,/i) 

t 

P«"Cin 

0  9(?) 

'"Ba 

97m 

Weak 

P"«C8 

~09 

"•Bk 

313h 

"•Bk  (/l.y) 

t 

500  ±200* 

P«"Cf 

D  (480d)«"E 

0-904 

»**Re 

50d 

">Ta  (a,n) 

"*W  (a,p/l) 

"«W(;7,n) 
"»W  {d,n) 
"*Re  (/»,2/i) 

99-9877 

26-4 

306 

14-4 

37-07 

45 

0905 

"«Np 

4-40d 

"•U  (^,3w) 

*"U  (a,p4/l) 

"»U  0>,2/i) 
"»U  (d.n) 

"»U  (a,/>2/l) 

0720: 
0720: 
0720J 

t 
t 

D"«Pu 

0907 

"«Ac 
(MsTh,) 

6-13h 

"»Ac  (/i.y) 

+ 
+ 

520  ±50 

D»"Ra 

(MsThx) 
P"Th 
(RdTh) 

0907 

20ip5 

9-4h 

*"T1  (</,4/i) 

29  50 

ptoiyi 

D(62m)*"Bi 
D(l-85h) 

"'Bi 
D"*Po 

*  Pile  Neutrons 
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+  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive. 

Parent  or 

Daughter  of 

0-908 

8»Y 

104d 

'^St  (d,2n) 
••Sr(p,/i) 
"Y  (/i,2/i) 

82-56 
82-56 
100 

D»»Zr 

0908 

"Rb 

17-8m 

"Rb  (n,y) 
"Rb  (d,p) 
••Sr  in,p) 

27-85 
27-85 
82-56 

0-12  ±  0-03 

D»»Kr 

0  91 

"Ge 

11 -3h 

"Ge  {n,y) 
'•Ge  (d,p) 
""Se  (n,a) 
*«U  (n,f) 

7-67 

7-67 

49-82 

80  ±  20mb 
3-7xlO-»% 

P"As 

0  91 

•H3a 

15 -2111 

"Zn  (d,n) 
**Zn  ip,y) 

48-89 
48-89 

P«Zn 

091 

.otpo 

103y 

"•Bi  (d,2n) 

100 

-0-5 

D««»At 

0  911 

"*Bi 

14-5d 

3-3 

D205po 

D«»»At 

paospb 

0-9117 

•^Bi 

11 -6h 

"*Pb  {d,2n) 
-"•Tl  (a,3«) 

1-40 
29-50 

p204nnp^ 

D^^Po 

0-912 

lounpj, 

66-9m 

"*Pb  («,/?) 
"»n  (d,n) 
"*T1  (^,3«) 

1-40 
29-50 
70-50 

D*«'*Bi 

0  912 

»"Po 

5-7h 

*»*Pb  (a,3/l) 

251 

D»"Rn 
D«"At 

0-913 

stray 

161s 

D8»Zr 

D^'Sr 

0-913 

••Zr 

79-3h 

•«Zr  (n,2n) 
^•Yid,2n) 
'*Y(p,n) 
"Mo  in,a) 

51-46 
100 
100 

15-86 

• 

psBmy 

D^Nb 

0^13 

•^r 

50  5d 

••Sr  (/i.y) 
••Sr(^,p) 

••Y(/»,p) 

82-56 
82-56 

100 

5  ±  Imb 

D»»Rb 

p8»my 

(0-02%) 

0^14 

"•Pa 

22h 

D"«U 
P"«Ac 
P««Th 
(RdTh) 

0^14 

it»iHg 

10  Oh 

'"Au  (p,5n) 

100 

pi.»Hg 
P»»«"Au 

0^14(?) 

"'Ir 

13h 

»»»Rc  (a,2n) 
•••Os  (J,3/i) 

37-07 
13-3 

0^18 

•«Bi 

11  6h 

"«Pb  (d,2n) 
•••n  («,3/i) 

140 
29-50 

pi04mp|3 

D»"Po 

0-92 

•^i 

--3xlO*y 

"•Pb  (d,2n) 

52-3 

*  Pile  Neutrons 
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J  Naturally  Active 


y-Energy 
(Afw) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  \eutroH 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abtmdaneeof 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

092 

"«Np 

60m 

"•Np(/f,y) 

t 

25  ±  15* 

0-923(?) 

i8.ir 

ISh 

D"«Pt 

0924 

»«Pa 
(UX.) 

666h 

"»Pa  {n,y) 

t 

25  ±4 

P'"U(Ui,) 

D»*Pa(UXJ 
D»"Th(UX,) 
(0  63%) 

0925 

"*Np 

210d 

"^Np(/I.y) 
»'Np  {d,p) 
"•U  {dOn) 
»"U  (a,p3/i) 

t 
t 

99  276: 
99276: 

169  ±6 

P*"Pu 
D*"Am 

0927 

"Ta 

llSld 

"'Ta  (/i,y) 
>"Ta  (</,/») 
»"W  {n,p) 

999877 
99-9877 
264 

19  ±7 

0-928 

"Ti 

5-79m 

•n'Kii.y) 

"V  (n,p) 

5-25 

5-25 

9975 

0  14  ±  003 

093 

"Nb 

lOld 

"Y  (a./l) 

"Zr  (/).«) 
"Nb(y,/I) 
"Mo  (</,«) 
"Mo  (/i.p) 

100 

1711 
100 
912 

15  86 

093 

"Sr 

9-67h 

"Zr  (ll.a) 
•"U(/i,/) 

t 
17  40 

lO  ±0-6 
50% 

ptimy 
ptiy 

D(l-7m)"Rb 
D(l4m)"Rb 

0  931 

"Ta 

935m 

"•HfO>,/i) 

27-1 

D"«W 

0  931 

"•Re 

16-7h 

'"Re  (/i,y) 
'"Re(J^) 

6293 

62-93 

75  ±  15 

041 

D'"W 

0-932 

SOSflj 

12-3h 

P»"Pb 

P"«npb 

D*"Po 

0-932 

"Tc 

200h 

"Mo  (a,p) 
"Mo  (/>,n) 
"Mo  (J,2w) 

15-86 
15-70 
15-70 

-5 

0933 

issmpjg 

lOOh 

»"Au  (p.S/t) 

100 

P»»Hg 

0935 

"*Bi(RaC) 

197m 

D*"Pb(RaB) 
D*"At 

P'"Po(RaC') 
P"T1 

(RaC) 

*  Pile  Neutrons 
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X  Naturally  Active 


y-Energy 
{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

P^  Ce«r 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

'     Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

0-935 

iiomin 

5  Oh 

^"Ag  (a,3/l) 

48-65 

0935 

"Co 

18-2h 

"Fe  {d,n) 
"Fe07,y) 

5-84 
5-84 

P«Fe 

0937 

iMjr 

190h 

"»Ir  (n,y) 
^*nr  id,p) 
"^Pt  iy,p) 
»«Pt(y,;7/i) 

61-5 
61-5 
33-8 
25-2 

130  ±  30 

D»»*Os 

0937 

"""Ag 

253d 

'»»Ag(«,y) 

"•Ag  id,p) 
"opd  {d,2n) 

48-65 
48-65 
11-8 

3-2  ±  0-4 

pilO^g 

0940 

*»Wp 

210d 

"'Np  in,y) 
*"Np  {d,p) 
»«U  (d,2n) 
"«U  ia,p3n) 

t 

t 
99-276: 
99-276: 

169  ±6 

P«"pu 

D^^^Am 

094 

"•Rh 

130m 

094 

"Y 

10  4h 

D"Sr 

0-94 

•*Y 

3-60h 

"ZTin,p) 
»ZT(d,a) 

17-11 
17-40 

D»*Sr 

094 

»"Tc 

14  0m 

"«Mo  (d,n) 

9-62 
31-5 

D^^Mo 

094 

••Cu 

3-32h 

««Ni  (</,/!) 
"Ni  (/7,/i) 
"Ni(p,y) 
"Cu  (y,2/i) 

26-16 
1-25 
26-16 
691 

1-5 

D"Zn 

094 

»*Mn 

560d 

"Cr(t/,2/T) 
"Fe  (^,a) 

83-76 

83-76 

5-84 

094 

"»«"Cd 

43d 

"*Cd  in,y) 
"«Cd  (y.n) 
"*Cd  (</,p) 

28-86 

7-58 

28-86 

014  ±  003 
8x10-*% 

D»«Ag(9%) 

0^ 

"*ra 

105m 

0^ 

»»*Au 

395h 

»»»Ir  (a,3/i) 
"♦Pt  (d,2n) 
»»Pt  (</,3/i) 
"*Pt(p,«) 

61  5 
32-9 
33-8 
32-9 

D'»«Hg 

0-94 

"•Ag 

24-28 

""Cd  (n,p) 

12-39 

D»««Ag 

044 

"•Gd 

93d 

'♦'Sm  («,2«) 
'"Eu(/>,3n) 

1507 

47-77 

0943 

"•Np 

210d 

"'Np(/»,y) 
•«^Np  (d,p) 
«"U  (£/,2/i) 
»»U  (a,p3n) 

t 

t 
99-276: 
99-276: 

169  ±  6 

p«18pu 

D"«Am 

0946 

».ipb 

94h 

"•n  W,4Af) 

29  50 

pioi-n 

*  Pile  Neutrona 


I  Artificially  Active 


X  Naturally  Active 


154 


y-Energy 
{Mev) 

Nuclide 

j 

!       Half-Ufe 

1 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron                             , 

Activation         i     Pmr  Ctmt     1     Radioactive 
Cross  Section      \  Abtendanee  of        Parent  or 

{Bams)  or           y-Radiation       Daughter  of 
Fission  Yield 

1 

i 

1 

D(62m)"»Bi 

D(l-85hr'Bi 

1 

D^«Po 

0947 

»"Rn 

16h 

1 

•••Bi  (a.2/f) 

100 

P*"At 
P»«To 

0-948 

"To 

5-7h 

•••Pb  (a,3n) 

25-1 

D«»Rn 
D»»At 

095 

i3ije 

24-8m 

'»Te  {n,y) 

34  49 
34.49 

0  22  ±  0  05 

D»»'Sb 

P'"I 

D>»""Tc 

0-95 

"•Sb 

60m 

"•In  (a,3n) 

95-77 

095 

1.6Hg 

95h 

"'Au  ipM) 

100 

D»»»'"Hg 
D'»»TI 

095 

"Sr 

25-5d 

P^«Rb 

095 

"Mg 

21 -2h 

••Si  (y.2/7) 

3  12 

P»Al 

095 

'"Pm 

270d 

0953 

»«Pa 

17-7d 

"*Th  {dM) 
"Th  {a,p5n) 
"Th  {d,2n) 
•"Pa  {d,p2n) 

100: 
i  100: 

P*»«U 

P»»n"h(Io) 
p«"Ac 

0-954 

»»Re 

20h 

0-960 

"Zn 

38-3m 

••Cu  (t/,2/i) 
•»Cu  (p,/!) 
••Zn  (y,/l) 
•*Zn  (n,2w) 

691 
69  1 

48-89 
48-89 

'-8 

0960 

"*Ta 

115  Id 

"»Ta  (/i,y) 
"Ta  (</,/») 
"•W  (/I,/?) 

99-9877 
99-9877 
26-4 

19  ±7 

096 

"Br 

17 -211 

"As  (a,3/l) 

902 
100 

D»«Kr 

096 

"Ni 

6-4d 

••Fe  (a,2/i) 

5-84 

P»«Co 

096 

i.»I 

2-26h 

'"I  (/i.y) 

t 

50  ±40 

D»Tc 

096 

"•Pt 

31m 

"•Pt  (/l,y) 
"•Pt  id,p) 
•••Hg  (/!,«) 

7-19 

7-19 

29-80 

3  9  X  0  8 

096 

"'Ta 

53h 

"•Lu  (a,2/l) 
"•Lu  (o,3/i) 

"'Hf  (/»./!) 

97-40 

260 

18-56 

D"'W 

0  96(?) 

"»Pm 

2-7h 

"•Nd  0>,/i) 
"»Nd  (J,2n) 

5-60 
5-60 

096 

243Bk         1 

4-5h         1 

"»Am  (a,2w) 
"^Cm  (d,n) 

t 
t 

P»*»Cm 

0-961          '\ 

ao2mpK 

3-62h       1 

1 

*Pile 

Neutrons 

t  Artifidally 

Active 

X  Naturally  Active 

15 

5 

y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

0961 

"*Bi 

95m 

D208po 

0961 

i«Eu 

9-2h 

i"Eu  (n,y) 
"^Eu  id,p) 
"»Eu  (n,2n) 

Mil 
4111 
52-23 

1400  ±  300* 

0963 

i««nHo 

5  Oh 

DuoEr 

0965 

(MsTh,) 

6-13h 

"^Ac  in,y) 

+ 
+ 

520  ±  50 

D"»Ra 

(MsThi) 

p228Jh 

(RdTh) 

0967 

leomfio 

5-Oh 

D"»Er 

0968 

««Pa 

22h 

D"«U 

P"*Ac 
P"«Th 
(RdTh) 

0969 

i«Eu 

12-7y 

0970 

«*Sb 

60-9d 

"•Sb  in,y) 
i"Sb  id,p) 
i"Sn  id,2n) 
"*Sn  {p,n) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0-5 

097 

i"Ho 

27-3h 

"*Ho  (n,y) 

100 

60  ±  12 

D"«Dy 

097 

»*«Ho 

28m 

'^•Tb(a,3w) 

100 

0-97 

'•Tb 

72-3d 

'*»Tb  («,y) 
""Gd  (dan) 

100 
21-9 

>22 

0-973 

"*Pa 

l-31d 

">Pa  (/i,y) 
»iPa  C^,;?) 
»*Th  id,2n) 
"*Th  (a,/73n) 

+ 
+ 
+ 

100  J 

loot 

200  ±  15 

P"«U 

0979 

»1r 

13h 

"»Re  (a,2/i) 
"»Os  (^,3/i) 

37-07 
13-3 

098 

"•Am 

19h 

"•Pu  (J,3/i) 

t 

098 

"•Cs 

3-8m 

D»»Ba 

098 

»Na 

60s 

"Mg(/j,p) 
"Mg(y,p) 

10-11 
11-29 

098 

'•Co 

77-3d 

"Fe  (t/,2n) 

j    "Ni(y,/7/i) 

"Fe  («,«/;) 

91-68 

67-76 
5-84 

D"Ni 

098 

•Kia 

26m 

"Zn  (/7,/i) 
"Zn  id,2n) 

48-89 
48-89 

0  981 

wpo 

88d 

"•Pb  (a,2w) 

1-40 

1 

P«o«Bi 

D"«Rn 

D««At 

0983 

»"Eu 

92h 

•*'Eu  (/»,y) 

47-77 

1400  L  300* 

i  »'EuW,/7) 

47-77 

i 

1 

'"Eu  (w,2w) 

52-23 

1 

*  Pile  Neturofu 


t  Artificially  Active 
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X  Naturally  Active 


I 


y-Energy 
(Afw) 

Nuclide 

Hatf-Ufe 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation  Per  Cent  Radioactivt 
Cross  Section       Abundance  of        Parent  or 

(Bams)  or  y-/t<uiiarum  Daughter  of 
Fission  Yield 

0984 

"«Bi 

116h 

»"Pb  {d,2n) 

140 

\  P^^'^Pb 

•••n  (a,3/l) 

29-50 

D"*Po 

0986 

"*Np 

2  lOd 

"'Np  (n,y) 
»"Np  (d,p) 
"•U  {dOn) 

»"U  (a,/>3/l) 

t 

t 
99-276: 
99-276: 

169  ±  6 

P"*Pu 
D^**Am 

0986 

"V 

160d 

"Sc  (a^) 

*Ti(;>.n) 

100 
73-99 
732 

lycr 

0986 

*«Sc 

44h 

"V  (/I.a) 

♦Ti  {n,p) 
*<:si(p,n) 

99-75 
7399 
0  185 

0988 

"•Np 

210d 

•"Np(/i.y) 
«"Np(£/.;^) 
•"U  (d,2ii) 
"•U  (a,p3/f) 

t 

t 
99276: 
99  276: 

169  ±6 

P"«Pu 
D"»Am 

0988 

t06Bj 

14  5d 

14 

I>»"Po 
rVAt 
P"»Pb 

099 

»«v 

55s 

099 

It.] 

24-.99m 

'"Te  {d,2/i) 

100 
31  79 
31-79 

5  6  ±  a3 

0^3 

0993 

«07po 

5-7h 

•••Pb  («,3/f) 

251 

iy»'Rn 
D»«'At 

0-996(?) 

•"Nb 

14  60h 

••Zr  (</,2n) 
•"Zr(/>,/T) 
•*Mo  (</,«) 
•»Mo  (y,p/i) 

5146 
5146 
15  86 
15-86 

ly^Mo 

0997 

it.mHg 

lOOh 

'•'Au  (/),5/i) 

100 

P»"Hg 

P"«»Au 

0998 

»«Eu 

16y 

"»Eu  (</,/>) 

52-23 
52-23 

420  ±  100* 

14 

100 

"Br 

57h 

'•Se  (</,n) 
'*As  (a,2/l) 
"Se(«,p) 

9  02 
100 
0-87 

?"•»& 

100 

isy 

2-Om 

"Cr(y,/>) 

2-38 

Strong 

100 

"•Np 

60m 

"•Np(«,y) 

t 

25  ±  15* 

10 

"«La 

77m 

D'^Ba 

10 

i"Te 

2in 

•"U  (/I,/) 

4-5% 

D"»"Te 

piMJ 

'-lO 

iMjr 

9-7d 

»»«Pt  (/!,/>) 

25-2 

>10 

i.sjr 

2-3h 

"•Ft  (y,/*) 

25-2 

D"»Os 

»»*Pt  (/j,p) 

33-8 

*  Pile  Neutrons 


•f  Artificially  Active 
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:  Naturally  Active 


y-Energy  \ 

(JAev)  Nuclide  Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(JBarns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


lO 

1 
'1 

1003 


1O03 

1-007 
1^08 

101 


lOl 
1-01 
101 

1^1 
lOl 


101 


1015 
1019 


i«La 
"*Bi 


••Ta 
"Rb 


"Br 
•«Se 


«Np 


lOl  i  »»«npa 


1013  »»»Pa 


1014  »»»Bi 


•Hi 


150d 
4-5h 
^558 
—600(1 
14-5d 


1151d 

16y 

8-8d 

33  Od 


31-8m 

15-8S 

70s 

22 -411 
322m 


440d 


1175m 


17-7d 


145d 


945m 
64d 


*Re  (/»,y) 


<2 


»"Ta  (/i,y) 
"^Ta(^,/>) 

"*W  (/!,/») 
"»Eu  («,y) 
"»Eu  {d,p) 
"*Pb  (a,2«) 


"Br  {a,n) 
"Rb  (/i,2«) 
"Sr  (^,a) 
"Rb  (/I,a) 

"•Mo  (p,/i) 
"Se(/i,y) 

"*U(n,/) 
«»Ar  (a,/;) 

""Ba  (/I,/?) 

>»'Cs(/i,y) 

*"U  (^,3/;) 
"»U  (a,p4/j) 
•"U  (p,2/i) 

"•U  (</,/!) 

"»U  {a,p2n) 
»»Pa  (n,y) 


"Th  (</,4/i) 
"«Th  iu,p5n) 
•"Th  (f/,2/i) 


**Mg  (rt.y) 
••»T1  («,3/i) 
•••Pb  (</.2/j) 
••Tb  (</.3/i) 


99-9877 
99-9877 
26A 
52-23 
52-23 
1-40 


49-48 
7215 

9-86 
27-85 

9-62 

9-19 

99  600 
71-66 

t 

0-720J 
0-720: 
0  720: 

+ 

t 
t 


loo: 
loo: 


II  29 
70  50 
25- 1 
21-7 


19  ±7 


420  ±  100* 


17 


50  ±  25mb 
0-21% 


<2 


43  ±5 


27  ±  5mb 


25 


D»»Ce 


D"»Po 

£>*0»At 

P««*Pb 


pmgi 

D"»Rn 
D"«At 


P"Br 


D^'Xe 

Descendant 

138T 

D"«Pu 


D««Th(UXi) 

P»*U(U„) 

P"*Pa(UZ) 

p»30U 

pMoThCIo) 

P»»Ac 
pmpb 

D^'Po 
D«"At 

D«»«Po 

D^'-At 


*  File  Neutrons 


t  Artificially  Active 

1S8 


X  Naturally  Active 


Y-Enert^ 
{Mev) 


Nuclide 


Half-Uft 


Some  Modes 
of  Formation 


<     Per  Cent 
Abundance  of 
I      Relevant 
Stable 
Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 


Per  Cent  Radioactive 

Abundance  of        Parent  or 
Y-Radiation       Daughter  of 


102 

102 


102 
1025 


1-027 


1030 


1-03 
103 

103 


103 
1033 

1034 
1035 


1036 

1038 


'"Mo 
•'Zr 


"Sr 


•Np 


•Np 


"C 


•Co 


»»Sb 
"•Po 


»Bi 


"«Ac 
(MsTh,) 

'»*Cs 


1461m 
17  Oh 


63h 
967h 


2  lOd 


210d 


19  Is 
40Oh 

77-3d 


5  Ih 

8-8d 

12-3h 

6  13h 


lOh 
207y 


••"Mo  (/I,y) 
'••Mo  {d,p) 
••Zr(n,y) 
**Zt{d,p) 

'••Mo  (/!,«) 
*"U(/i,/) 
"Br  (a,/i) 
••Sr(/i.y)' 
•*Zr  (n,a) 
»»*U  (/!./) 

"'Np  (/I,y) 
"'Np  (d,p) 
"•U  (</.2h) 
•"U  (a,/>3/l) 
•"Np  (/l,y) 
«"Np  W,;i) 
"•U  W,2/i) 
"•U  (a.p3/l) 

'•'Au  (J,4/i) 

'•'Au  (p,3/i) 

*«Fe  (</,2n) 

'"Ni  {y,pn) 

*«Fe  (a,/fp) 

"Mn  (a,«) 

'"Sn  {d,n) 

••*Pb  (a.2«) 


'Ac(ll,y) 


'»H:s(n,y) 
"»Cs  (</,p) 
"♦Xe  (</,2/i) 
'"Xe  {p,n) 


962 
962 
280 
2-80 

962 

5052 

t 
17  40 


t 
t 
99  276: 
99-276J 
t 
t 
99  276t 
99-276: 
18-45 
100 
100 
91-68 
6776 
5  84 
9577 
7-57 
1  40 


100 

100 
1044 
1044 


0  20  ±  0O5 
0  1  ±005 

62% 

169  x6 
169  ±6 


520  ±50 


30  ±  1 


1-7 


P'»'Tc 

P»'"Nb 
Descendant 
•'Kr 


ptimy 
ptiy 

D(l  7in)»'Rb 

D(14m)»'Rb 
p.i.pu 

D"'Am 


P*"Pu 
D«"Ain 


P»»""Au 
P»»»Hg 

D»«Ni 


D"«"Sb(?) 

P»^«Bi     . 
D"^Rn 

P"*Pb 

P»»«nPb 

D*^»Po 
D»^'At 
D*"Ra 

(MsThi) 
P"*Th 
(RdTh) 


*  Pile  Neutrons 


t  Artificially  Active 
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:  Naturally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

IKMO 

"Sc 

44h 

"V  (W,a) 

*«Ti(/i,p) 

*K:a  (/7,/i) 

99-75 
73-99 
0185 

1-04 

tsmTTg 

60d 

•*Mo  {d,2n) 
•*Mo  0,/i) 
•♦Mo  {d,n) 

15-70 

15-70 

9-12 

104 

"Ga 

9-45h 

"Cu  (a,/l) 
"Zn  (f/,2/i) 
"Zn  {p,n) 

69-1 

27-81 

27-81 

D"Ge 

104 

"Cu 

5  10m 

"Cu  (/7,y) 
"Cu  {d,p) 
"Zn  (/i,p) 

30-9 
30-9 
27-81 

18  ±0-4 

D"Ni 

104 

HSJ 

6-68h 

"^U  («,/) 

5-6% 

9 

pi35mxe 

(30%) 
pissxe 

(70%) 
D"«Te 

1  04 

"•Cs 

12-9d 

»"Cs  {n,y) 

t 
99-91 1 

13  ±4* 

1  04 

'*»Sb 

5-8d 

>"Sn  {d,2n) 
"'Sb  (^,/72«) 

32-97 
57-25 

1042 

'•Ga 

211m 

"Ga  (/i,y) 
"Ga  {n,ln) 
"Ga  Wa7) 
»Ge  (y,pn) 

60-2 
39-8 
602 

27-37 

1  -4  ±  0-3 

I044 

»«Bi 

145d 

2-2 

D205po 

D*"At 

p20Bp5 

1044 

"Br 

35-87h 

"Br  (/»,y) 
"Br  (</,p) 
"Se  {d,ln) 
"Rb  («,«) 

49-48 

49-48 

919 

72-15 

31  ±0-5 

I045 

•••Ag 

8-2d 

'"Rh  («,/i) 
»"Pd  (</,/») 
"•Pd  (/7,«) 
»"Ag  (n,2n) 

100 

22-2 
27-3 
51-35 

1045 

'-Rh 

30s 

Di»«Ru 

1047 

•"Sb 

60  9d 

'"Sb(n.y) 
>»»Sb  {d,p) 
"♦Sn  (d,ln) 
***Sn(p^) 

46-75 

46-75 

5-98 

5-98 

2  5  ±  0-5 

1048 

'•«»Ho 

5  Oh 

D'"Er 

*  Pile  Neutron* 


t  Artifidally  Active 
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X  Naturally  Active 


f*«-  CVnf 

Thermal  Neutron                             , 

Abundance  of 

Activation              Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Crou  Section 

Abundance  of 

Parent  or 

Nuclide 

Half-Ufe 

of  Formation 

StabU 

(Bams)  or 

Y-Radiatiom 

Daughter  of 

Isotope 

Fission  Yield 

1050 

'*Ga 

143h 

"Ga  (/f,y) 
"Ga  (d,p) 
'Hjc  (n.p) 
"Zn-i3- 

398 
39-8 
27-37 

40  ±  0  7 

D'»Zn 

105 

logmin 

55m 

"•Cd  (d,2n) 

088 

D»*«Sn 

105 

"As 

26h 

••Ga  («,/!) 
'•Gc(p./f) 
»«Ge  ( J,2/f) 
"Se  (d,a) 

602 
27-37 
27-37 
087 

D'«Se 

105 

"Rb 

15  4m 

••Rb  (W,y) 

t 

io±a2 

D*Kr 

105 

i.8pr 

2  Oh 

"•Ce  0',3/f) 

88  48 

1  06 

"•Am 

25  0m 

P»*«Cm 
D»"Pu 

1-06 

*"Bk 

44h 

««'Am  (a^) 

t 

P»*«Cm 

1  06 

iumpo 

25s 

•••Pb  (a^n) 

523 

P»»'™Pb 

106 

'•Mr 

7437d 

'•'Ir  (n,Y) 
'•4r  (</./>) 
"•Ir  (/I.2/I) 
"•Os  (d,2n) 
"•Pt  (y.pn) 

385 
385 
61  5 
410 
329 

700  x  200 

106 

'«As 

52m 

D»«Sc 

1064 

MTmpb 

080s 

"'Pb  (n,n) 

21  7 

D"'Bi 

D»""Po 

1064 

"'Bi 

8-Oy 

"•Pb  (</.3/i) 

523 

D"iAt 

pMTmpt, 

1069 

LomHo 

5  Oh 

D'*«Er 

107 

'"Sn 

9-4d 

"*Sn  (/i,y) 
»"Sn  (d,p) 

598 
5  98 

4  ±?mb 
0012% 

P'»Sb 

1  07 

'"Sn 

95m 

'"Sn  (/I.y) 
"*Sn  (</,p) 

5-98 
5-98 

0  2  ±  01 

03 

107 

•*Ga 

68m 

••Zn  (p,/i) 
•'Zn  (d,n) 
•K:u  (a,n)        ! 
'•Ge(y,p/») 

18  56 
411 
309 
2055 

D«»Ge 

1-07 

'"•Rh 

130m 

i 
9 

107 

'«-Rh 

210d 

"'Ru  (rf,n) 
»»Rh  (n,2n)      ' 
"»Rh  (y,n) 

17-0 
100 
100 

1-07 

"Ta 

53h 

»?*Lu  («,2/i) 
"•Lu  (a,3/l)        1 
>"Hf(p./i)         ' 

97-40 

2-60 

18  56 

D"^ 

*  Pile  Neutrons 


t  Artificially  Active 
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X  Naturally  Active 


Y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-071 

*'Tc 

20-Oh 

»*Mo  {a,p) 

•*Mo  {p,ri) 
•'Mo  {d,ln) 

15-86 
15-70 
15-70 

~5 

1-077 

"*Re 

64  Oh 

"^Ta  (a,3/7) 
"^W  {p,ri) 
"*W  {d,ln) 

99-9877 

26-4 

26-4 

1-078 

••Nb 

23-35h 

•«Zr  {p,n) 
»«Mo  {d,a) 

2-80 

23-75 

52 

1-079 

••Rb 

18-66d 

"Rb  (y,/l) 

27-85 

-9 

108 

"•Cs 

6-2d 

"»Cs  iri,2n) 
"*Xe  {d,2n) 
"-Xe  (j),n) 

100 
26-89 
26-89 

108 

"'Gd 

29h 

P»«'Eu 

1-08 

MY 

14-6h 

''Sr(p,3n) 

82-56 

D*«Zr 

1085 

"•Pa 

l-31d 

"iPa  (n,y) 
-"Pa  (d,p) 
"^Th  (d,2n) 
"TTi  (a,;73/j) 

+ 
+ 

+ 

loo: 

loot 

200  ±  15 

P"«U 

1^85 

"•"In 

53  99ni 

"*In  (n,Y) 
"*In  (J,/7) 
"•Cd  (A/i) 

95-77 

95-77 

7-58 

155  ±  10 

54 

1-089 

^••Au 

2-697d 

"^Au  (n,y) 
"'Au  (c/,p) 
"''Hg(//,p) 
"«Pt  (/?,/i) 

100 

100 
10-02 
1002 

96  ±  10 

109 

"Tm 

63 -6h 

D"*Er 

IW 

"Zn 

2-2m 

^♦Ge  (/i,a) 

36-74 

Weak 

1092 

"•Eu 

12-7y 

1095 

"•Ac 

(MsTh.) 

6-13h 

"'Ac  (n,y) 

+ 
+ 

520  ±  50 

D«''Ra 

(MsTh.) 
P"»Th 
(RdTh) 

1095 

«»Pa 

22h 

D"»U 
P"«Ac 

(RdTh) 

1098 

••Fe 

45  Id 

"Fc  (n,y) 
»»Co  (/t,p) 
•"Fe  (d,p) 

0  31, 
100 
0  31 

0  98  ±  0  10 

57 

I099 

•«Pb 

94h 

"»Tl  (</,4n) 

29  50 

P«"T1 

D(62m)»"Bi 
D(l-85h)«»Bi 
D"»Po 

*  POc  Neutron* 


t  Artificially  Active 
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X  Naturally  Active 


Y-Energy 
(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Statu 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radioactive 
Cross  Section       Abundance  of        Parent  or 

(Bams)  or           y-Radiation  |     Daughter  of 
Fission  Yield                               < 

1099 

"•Bi 

6-4d 

"»T1  (a,3n) 

7050 

j  D»^«Po 

•••Pb  (£/.2ii) 

25  1 

D*"At 

••'Pb  (f/,3/i) 

21-7 

1  10 

»«Eu 

12-7y 

1  10 

"•Ce 

33h 

"•Ce  (/l,y) 
"HTc  {d,p) 

11^7 
1107 

0-95  ±  0O5 

5-4% 

D»*»La 
P'"Pr 

Descendant 
'"Xc 

110 

"•Er 

75m 

1  10 

"Rb 

47h 

"Br  (a,2/i) 

5052 

D*'Sr 

1  10 

"♦I 

525m 

"'U  (nj) 

5-7% 

iy»«Tc 

1  10 

"»Ag 

3 -2011 

"•Cd  (/i.p) 
»»Cd(y.p) 
"•In  (n.a) 

2407 
12  26 
95-77 

iy>«Pd 

11 

'*Ga 

78m 

V/enk 

11 

>"Er 

lOOh 

^•*Dy  (a.3n) 
»»Ho  {p,n) 
»«»Ho  (</.2n) 

2818 
100 
100 

D*^»Tm 

-11(?) 

i8.pr 

70m 

-11 

.10X1 

(RaC) 

l-32m 

Weak 

D*'*Bi 

(RaC) 
P»'»Pb(RaD) 

1  103 

issmos 

lOh 

1  105 

"Ge 

11  3h 

"Ge  (/i.y) 
'•Ge  (t/,p) 
••Se  (/I.a) 
••»U  (/I,/) 

7-67 

7-67 

4982 

80  ±20mb 
3-7xlO-»% 

P"A$ 

1  108 

'••Rh 

20-8h 

••Ru  (f/,n) 
^••Ru  id,2n) 
»-Ru(p,/t) 

12-7 
12-7 
12-7 

iy««Pd 

1  109 

i8«mOs 

lOh 

1  11 

•*Ru 

165h 

••Ru  (n,2«) 
•«Mo  (a,n) 

5-57 
15-86 

Ml 

"«Rh 

210d 

"iRu  (J,/i) 
"»Rh  (/i,2n) 
»»»Rh  (y,/i) 

17-0 
100 
100 

1113 

iMmHg 

10  Oh 

"'Au  (/>,5n) 

100 

piMHg 

P"«»Au 

1118 

»»Eu 

12-7y 

1  119 

•*Zn 

245d 

"Zn(/i.y) 
•«Zn  (d,p) 

48-89 
48-89 

0  44  ±  0^5 

D«*Ga 

••Cu  (/>,/i) 

30-9 

!                  ! 

•^Cu  {d,2n) 

30-9 

*  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


163 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

P«-  Cewf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 

Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

1  119 

••Tc 

420d 

»«Mo  {d,ln) 
••Mo  {p,n) 
•»Nb  («,/?) 
•*Mo  {d,n) 

16-50 
16-50 
100 
15-70 

1  119 

«*Sc 

83 -9(1 

«Sc  {d,p) 
"Ti  («,/,) 

100 
7-99 

1  120 

*"Bi 
(RaQ 

19  7m 

D-i*Pb 

(RaB) 
D^^At 

P"^Po(RaC') 

p210YJ 

(RaC) 

112 

*«A1 

8  X  10*y 

"Na  (a,n) 
"Mg  (/>,«) 

»Mg(/,,y) 

"Al  {y,n) 

100 
11-29 
10-11 

100 

3-7 

1  12 

"»Er 

3-lh 

pi.iHo 

112 

••Ge 

40-4h 

••Ga  {d,2n) 
•»Ga  {p,n) 
•«Zn  {a,n) 

60-2 
60-2 
27-81 

D«»As 

1  12 

"*Au 

395h 

••"Ir  (a,3/7) 

"«Pt  (J,2«) 
»»*Pt  {d,ln) 
^"Pt(p,/7) 

61-5 
32-9 
33-8 
32-9 

D"*Hg 

1  12 

'•^n 

181m 

piMmin 

Ancestor 

•"•In 

112 

«Ni 

2564h 

•*Ni  (w,y) 
•*Ni  {d,p) 
•*Cu  (rt,;?) 
•*Zn  (w,«) 

116 
116 
30-9 

18-56 

1  -6  ±  0  2 

1122 

"«Re 

12-7h 

"'Ta  (a,3/i) 
»«W  (c/,2rt) 

99-9877 

26-4 

26-4 

D"»Os 

1122 

»"lle 

640h 

""Ta  («,3«) 
'"W(  p,n) 
•«W  (t/,2/i) 

99-9877 

26-4 

26-4 

1  122 

iMTa 

n51d 

"•Ta  («,y) 
"•Ta  {d,p) 
"»W  (n,/?) 

99-9877 
99-9877 
26-4 

19  ±  7 

113 

"»Rn 

16h 

"•Bi  (a,2n) 

100 

P"'At 

p.07po 

1  13 

"K 

22  0m 

♦♦Ca  (/»,/?) 

206 

•  Pile  Neuiront 
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X  Naturally  Active 


f 


Y-En^rgy 

{Mev) 

Nuclide 

Half-U/e 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent 
Abtmdance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

1  13 

•"Cu 

9-73m 

•«Ni  (a,pn) 
•»Cu  (n,2n) 
••Cu  (y./>) 

2616 
691 
69  1 

D«*Zn 

1131 

"•Ag 

8-2d 

»»»Rh  («,/») 
'•»Pd  (f/,/f) 
»»«Pd  ip,n) 
••^Ag  (/i,2/i) 

100 

22-2 
27-3 
51  35 

1133 

""Re 

167h 

"'Re  (/i.y) 
'"Re  (</,p) 

62-93 
6293 

75    r   15 

0O7 

D'*«W 

1  133 

i.omf^Q 

5  Oh 

D'««Er 

1  137 

i"Sb 

28d 

»»'Sb  (/I.y) 
"'Sb  id,p) 
"•Sn(;»./i) 
•••Sn  (J,2/i) 

57  25 

57-25 

4  71 

471 

6  8  ±  15 

07 

1  138 

•"Nb 

1460h 

••Zr  (</,2n) 
-Zr(/»,ii) 
••Mo  (^,a) 
••Mo(y,p/i) 

5146 
5146 
15-86 
15  86 

lyMo 

1  14 

loojc 

IS-Ss 

'••Mo  (/?,/!) 

962 

114 

"'Nd 

15in 

P'"Pm 

114 

i"Nd 

2-42h 

»"Pr  (/»,/!) 
'"Pr  id,2n) 
"•Nd  (/i.2w) 
"•Nd  (y,/l) 

100 

100 
27- 13 
27-13 

05 

114 

"iTe 

• 

24-8m 

'»Te  (/I.y) 
'••Te  (</,/>) 

34  49 
34  49 

0  22  ±  COS 

D»»Sb 
pi.i] 

114 

"•Te 

72m 

'"Tc  (n,y) 
»«Te  (d,p) 
»»*le  (/i,2/i) 
»Te(y,/f) 

31  79 
31  79 
34-49 
34-49 

0  13  ±  0-03 

D'""Te 
D'"Sb 

114 

"••"Te 

335d 

"•Te  (/I.y) 
"Te  (i/./)) 
"•Te  (/i,2/i) 
"*U(/i./) 

31  79 
31-79 
34-49 

15  ±  5mb 
019% 

pt-Tc 

114 

135| 

668h 

"*U  (/I,/) 

56% 

37 

pusmxe 

(30%) 
P"»Xe(70%) 
I>»»Te 

1149 

iMjr 

190h 

"»lr  in,Y) 
"'lv(d,p) 
»*Pt  (y,p) 
"•Pt(y,p/») 

61  5 
61-5 
33-8 
25-2 

130  ±30 

D"*Os 

*  Pile  Neutrons 


t  Artificially  Active 
16S 


X  Naturally  Active 


y-Energy 

(Mev) 

1 
1 

NwriiVfc 

1 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 
Daughter  of 

1  149 

"To 

5-7h 

"•Pb  (a,3/l) 

1     25-1 

D^^Rn 

D207At 

115 

•»Y 

10-4h 

D'^Sr 

1  15 

•'Zr 

1 

17-Oh 

••Zr(n,y) 
*'Zv{d,p) 

2-80 
2-80 

9-62 

01  ±  0  05 

6-2% 

P»""Nb 
Descendant 
»'Kr 

115 

"*Hg 

95h 

"'Au  (p,3n) 

100 

Di.smHg 

1  15 

"Cu 

3-32h 

"Ni  (</,«) 

26-16 

■V 

D"Zn 

"Ni  (/>,/!) 

1-25 

•"NiC/;,^) 

2616 

"Cu  (y,2«) 

69  1 

115 

...J 

12-6h 

''"1  (w,y) 

t 
34-49 
34-49 
100 

11  ±4 

1  153 

*«Pa 

l-31d 

"^Pa  («,y) 
«"Pa  {d,p) 
»«Th  (</,2/i) 
"*Th  (a,/73/i) 

+ 
+ 

loo: 
loo: 

200  ±  15 

p*»*u 

1  155 

"«Bi 

(RaC) 

19-7m 

• 

D"«Pb 

(RaB) 
D"«At 
P^"Po(RaC') 
P^'TKRaC) 

1155 

"Ta 

n51d 

"»Ta  (Ai,y) 
>"Ta  Wp) 
"*W  (/I,/?) 

99  9877 
99-9877 
26-4 

19  ±  7 

1  158 

'"Au 

4-7h 

">Ir  (a,3/i) 
»*Pt  (</,2/i) 

38-5 
0-78 

D"«Hg 

1  158 

"»Re 

64K)h 

»"Ta  (a,3/i) 
'"W(/7,/;) 

99-9877 

26-4 

26-4 

1159 

**fic 

392h 

"Sc  (/i,2//) 
♦•Ca  {d,n) 
"Ca  (/7,/i) 

6-91 
100 
0145 
206 

~1Q0 

D"Ti 

1  16           I 

»**Bk         i 

4-4h 

"'Am  («,/i) 

t 

P«««Cm 

I  16 

"•Np 

60in 

"•Np  in,y) 

t 

25  1  15' 

...6          , 

1 

1..] 

226h 

»"I  (/».y) 

t 

50  ±40 

D»«Tc 

*  Pile  Neutrons 


t  Artifldally  Active 
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I  Naturally  Active 


y-Energy 
{MevJ 

Nuclide 

1 

\      Half-Ufe 

Per  Cent 
Abundance  of 
Some  Modes            Relevant 
of  Formation              Stable 
Isotope 

Thermal  Seutron 

Activation              Per  Cent 
Cross  Section        Abundance  of 
.         {Bams)  or         ,  y-Radiatiom 

Fission  Yield      1 

1 

Radioactive 

Parent  or 

Daughter  of 

1  16 

i4mQ 

3240m 

»»P(a,/i)              :    100 
»*S(/7^)              1        4  215 
»»S  {d,n)           1      0  750 

P^l 

1  16 

"«Au 

395h 

;  >»Mr(«,3/i) 
»"Pt  {d,2n) 
"»Pt  (d,yn) 
'•♦Pt  (/7,/j) 

61  5 
329 
33-8 
329 

D»»«Hg 

1  168 

"m:s 

2  07y 

'»»Cs  (/r.y) 
'»Cs  (^,p) 
'•*Xe  (</,2n) 
"«Xe  (/»,/!) 

100 

100 
1044 
1044 

30  ±  1 

117 

"•Pm 

2-7h 

»*-Nd  (</,2/i) 

560 
560 

117 

••Co 

139m 

"Ni  (/J./7) 

366 

1  17 

»*Eu 

12-7y 

117 

••Cu 

9-73m 

••Ni  (a,/>/l) 
••Cu  (n,ln) 
••Cu  (y,p) 

26  16 
69  1 
69  1 

D*«Zn 

1  1728 

"Co 

5-24y 

••Co  (/l,y) 
••Co  (d,p) 

••Cu  (/I,a) 

100 
100 
69  1 

20d:3 

1  175 

i..mHg 

lOOh 

'•'Au  (/>,5/r) 

100 

P'*»Hg 
P^'^Au 

1  180 

Komj^Q 

50h 

D'*»Er 

1-180 

iMjr 

19  Oh 

"Mr  (n,y) 
"Mr  (</,/>) 
"•Pt  (y.p) 
"•Pt(y,;7«) 

615 
61-5 

33-8 
25-2 

130  ±  30 

D"*Os 

1-18 

"•Sb 

5-8d 

"•Sn  (</,2/i) 
"»Sb  (</,;;2n) 

32-97 
57-25 

* 

1  18 

"•Sb 

16  4m 

"•Sn  (</,/!) 
^•'•SnO^.n) 
"•Sn  {d,2n) 
"»Sb  (/T.2w) 

8-58 
32-97 
32-97 
57-25 

118 

i84Ta 

8-7h 

"*W  (w,p) 

306 

118 

>"Mo 

14-61m 

"•Mo  (/l,y) 
"•Mo  (</,/>) 

9-62 
9-62 

0  20  ±  0-05 

P">Tc 

118 

»«Tb 

72-3d 

»»»Tb(/f,y)         :  100 
"•Gd(</,2w)           21-9 

>22 

1184 

»»»Bi 

12-3h 

P*«Pb 

p«o.inpb 

D"»Po 

D"'At 

*PUe 

Neutrons 

t  Artificially  Active 

X  Namrally  Active 

16 

7 

y-Energy 
(Afecr) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cewt 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-185 

"»At 

8-3h 

"»Bi  («,3n) 

100 

paiopo 

P*««Bi 

1  187 

••Nb 

23-35h 

•«Mo  (d,a) 

2-80 
23-75 

32 

1  189 

"*Re 

12-7h 

"^W  {p,n) 
"-W  (f/,2«) 

99-9877 

26-4 

26-4 

D"«Os 

1  189 

i«Re 

64-Oh 

"^Ta  (a,3/i) 

99-9877 

26-4 

26-4 

1189 

isrj-a 

1151d 

"*W  in,p) 

99-9877 
99-9877 
26-4 

19  ±7 

1  190 

"»Bi 

14-5ci 

£)205po 

D*»»At 

p205p5 

1  19 

*»*Np 

4-40d 

»»U  (J,3n) 

»*U  (a,/74/l) 

»*U  (p,2n) 
»»U  (J,n) 
«»U  ia,p2n) 

0720: 
0-720: 
0-720: 

t 
t 

D"*Pu 

1  19 

"Ge 

11 -3h 

'«Ge  (/i,y) 
"Ge  (^,p) 
""Se  («,«) 
»*U  (/I,/) 

7-67 

7-67 

49-82 

80  ±  20mb 
3-7x10-'% 

P"As 

1  19 

•ly 

57-5d 

•"Y  (//,y) 
»iZr  (/i,p) 
"*U  (/I,/) 

t 
11-23 

<7 
5-9% 

0-22 

D"Sr 

1  19 

»»Ar 

l-83s 

"Cl(;7./i) 

95018 

75-53 

1  19 

i.ipd 

8-5h 

P  (4-7d) 

1  20 

"HTs 

« 

62d 

'»Cs  (rt,2/i) 

100 

»«Xe  (^,2w) 

26-89 

>«Xe  (p,/») 

26-89 

12 

""W 

130m 

P"'Ta 
D'"Re 

1-2 

'•Br 

17-2h 

'•Sc(;7,n) 
"As  («,3/i) 

902 
100 

D"Kr 

-l-2(?) 

iMja 

10  5m 

1  201 

••«"Ho 

50h 

D"»Er 

1  203 

"♦Hi 

11  6h 

"•Pb  (£/,2/;) 
•••n  (a,3/») 

1  40 
29  50 

paoimpj, 

D"«Po 

•  Pile  Neutrofu 


t  Artificially  Active 
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X  Naturally  Active 


y-Energy 
(MevJ 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

P^r  Cent          Thermal  Neutron 
Abundance  of          Activation              Per  Cent          Radioactive 
Relevant           Cross  Section       Abundamceof        Parent  or 
Stable       j         (Bams)  or           y-Radiation       Daughter  of 
Isotope       i       Fission  Yield      \ 

1  205 

'"•Ag 

8-2d 

'-Rh  (a,/l) 
'•»Pd  (d,n) 

'-Pd(A/i) 
'•'Ag(/i.2n) 

100 
22-2 
27-3 
51-35 

1  207 

*"T1 

26  Ih 

'•'Au  {a,n) 
»-Hg  {d,2n) 

100 
2313 

D^^Pb 

1  210 

"As 

264h 

"As  (/l.y) 
"As(rf./») 
"Br  («,«) 

100                  54  ±  10 
100 
5052 

"Se  (y,/)) 

7-58 

1  21 

•'™Mo 

66s 

•'Mo  (y,/l) 

15-86 

* 

1-21 

"Br 

31-8in 

•'Rb  (/r.a) 

27-85 

1  211 

»"Bi 

11 -6h 

"*Pb  (d,2n) 

""Tl  (a,3/l) 

140 
29  50 

ptMinp^ 

D"*Po 

1  212 

"To 

57h 

"•Pb  (a,3H) 

25-1 

D»"Rn 

iy«»At 

1-212 

"Mr 

41 -Sh 

'•»Re  (a,3/i) 
'•*Re  («,«) 
'••Os  (rf,2/i) 
'••Os(  rf,3/i) 

6293 
37  07 
133 
161 

D'"Pt 

1-215 

'«Ga 

21  Im 

••Ga  (/i,y) 
"Ga  (/i,2w) 
••Ga  (t/.p) 
"Ge  {y,pn) 

602 

39-8 
602 
27-37 

1-4  ±03 

1-216 

'•Mr 

190h 

••Mr  (/i,y) 
'•»Ir  (J,p) 
••Tt  (y,p) 
'••Pt  (y.p/l) 

61  5 
615 
33-8 
25-2 

130  ±30 

D"H)s 

1-22 

"»Sb 

51h 

"Mn  (a,/i) 
'"Sn  (^,/i) 

95-77 
7-57 

D"«»Sb(?) 

1-22 

"Co 

77-3d 

"Fe  {d,2n) 
^•Ni  (y,/>/f) 
"Fe  (a,np) 

9168 

67  76 

5-84 

D*«Ni 

1-22 

"Cu 

332h 

••Ni  ( J,/j) 
•'Ni  (/>,/!) 
••Ni(p,y) 
•»Cu  (y,2n) 

26  16 
1-25 
26-16 
69  1 

5 

D«'Zn 

1-222 

'"Re 

12-7h 

'•'Ta  («,3/i) 

'"W  {pM) 

'"W  (^,2/1) 

99-9877 

26-4 

26-4 

D"«08 

1-222 

'"Re 

64  Oh 

• 

'"Ta  (a,3«) 
'"W  (p,/i) 

99-9877 
26-4 

'•^W  (t/,2/i) 

26-4 
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X  Naturally  Active 


y-Energy  \ 

{Mev)  Nuclide      \       Hcdf-Ufe 


I     Per  Cent     \  Thermal  Neutron 

I  Abundance  of  Activation 

Some  Modes            Relevant     '<  Cross  Section 

of  Formation       j        Stable        j  {Barns)  or 

I       Isotope  Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


1-222 


1-225 


1-227 


1-23 


1-23 
1-231 


1-231 


1  231 


1-238 


1  24 


1  24 


1-24 


«Ta 


•Ag 


ooyi 


1-23  i  "«Bk 

1-23  !  »"Au 


•Au 


"•Rh 


'"Re 

"«Ta 

"«Bi 
(RaO 

M4mp2 

"♦Pa 
(UX.) 

•H3a 


115-ld 


8 -2(1 


26  Ih 

4-4h 
39-5h 


48m 


130m 
12-7h 


64-Oh 


115-ld 


19  7m 


1  175m 


666h 


68in 


"^Ta  (/i,y) 
'"Ta  {d,p) 
"^W  {n,p) 
'«»Rh  {<x,n) 
"^'Pd  {d,n) 
""Pd  {p,ri) 
'o^Ag  {n,ln) 
"'Au  (a,/l) 
""Hg  {d,2n) 
"'Am  («,«) 
'"Ir  (a,3/i) 
'»*Pt  {d,2n) 
'"Pt  (J,3/i) 
'"Pt  {p,n) 
"•Au  (rt,y) 
""Hg  (//,;?) 
""Tl  in,a) 

»"Ta  (a,3/i) 
'"W  (/?,//) 
"*W  (^,2«) 
"'Ta  (a,3/;) 
'"W  {p,n) 
'"W  (^,2/i) 
'"Ta  (//,y) 
"'Ta  (^,;7) 

'"W  (/!,/>) 


•Pa  in,y) 


"•Pa  (/I,y) 


"Zn  (p,n) 
•'Zn  (</,«) 
••Cu  (a,/l) 
"Ge  (y,/7/j) 


99-9877 

99-9877 

26-4 
100 

22-2 

27-3 

51-35 
100 

2313 
t 

61-5 

32-9 

33-8 

32-9 
t 

23-13 

29-5 

99-9877 

26-4 

26-4 

99-9877 

26-4 

26-4 

99-9877 

99-9877 

26-4 


19  ±7 


18-56 
411 
309 
2055 


30  ±  15* 


24 


19  ±7 


43  ±  5 


25  ±4 


£)200p5 

P"*Cm 
D'»«Hg 


D200pt 


D"K)s 


D"«Pb 

(RaB) 
D"»At 
P"To(RaC') 
P-'TKRaC) 
D*"Th(UXi) 
P"«U(U„) 
P"*Pa(UZ) 
P"*U(U„) 

D"«Pa(UX») 
D»"Th(UX,) 

(0-63%) 
D"Ge 
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t  Artificially  Active 

170 


X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cenr 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation              Per  Cent          Radtoacnx>4 
Cross  Section       Abundance  of        Parent  or 

{Bams)  or           y-Radiatitm       Daughter  of 
Fission  Yield                              i 

1-24 

'"♦Rh 

44s 

"»Rh  (/»,y) 

100 

140  ±30 

D'^'^Rh 

l-24(?) 

"•Pm 

27h 

"•Nd  (j),h) 
"•Nd  (</,2/i) 

5  60 
5  60 

1  243 

i.smHg 

10  Oh 

'"Au  (j),Sn) 

100 

pi..Hg 

P»»«"Au 

1  25 

"•Cs 

12  9d 

"»Cs(/i,y) 
»"La  (/i.a) 

t 
99  911 

13  -4» 

1  25 

"As 

26h 

"Ga  (a,/i) 
"Ge  (/»,/!) 
'Hje  (</,2n) 
"Se  (</,«) 

602 
27  37 
27-37 
087 

D»»Se 

1  25 

'«As 

17  5d 

"Ga  (a,/i) 
"Ge  {d,n) 
'*GeO»,/i) 
"As  (/f.2«) 

398 
7  67 
3674 
100 

1  256 

*03BJ 

123h 

P"»Pb 

p»imp(, 

D»"Po 
D»*'At 

1-258 

"»Sb 

2-8d 

'"Sb  (/i,y) 
»"Sb  (f/,p) 
>"Sn  (p,/i) 
»«»Sn  (</,2n) 

57-25 

57-25 

4  71 

471 

6-8  ±  15 

07 

1  26 

"•Rb 

15 -4m 

"RbC/i.y) 

t 

10  ±02 

D«»Kr 
P«»Sr 

1-26 

"Si 

262h 

"Si  (/I,y) 

312 
312 

no  ±  lOmb         0O7 

"P(/i.p) 

100 

1-26 

"Rh 

4-7h 

••Ru  (/),/») 

12-7 
1  91 

D»»Pd 

1-264 

laomHo 

5 -Oh 

D»««Er 

1-27 

11  ""Cd 

3  Oh 

"•Cd  (n,y) 

7-58 
7-58 

15  ±03 

Ancestor 

"""In 
D»'Ag 

1-27 

••a 

55-5m 

"Ar  (y,/)) 

99  600 

1-27 

"*Au 

39-5h 

»»Ir  (a,3/i) 
"♦Pt  (</,2/i) 
»*Pt  (^,3/j) 
»«Pt  (aw) 

61-5 
32-9 
33-8 
32-9 

D»»«Hg 

1-27 

1.0X5 

72-3d 

"•Tb  (/J,y) 
""Gd  (</,2/i) 

100 
219 

>22 

1-273 

leomjjo 

5  Oh 

D»»*Er 
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X  Naturally  Active 


y-Efurgy 

(MevJ 

NurJide. 

1 

i 

!       Half-Ufe 

Some  Modes 
of  Formation 

1     Per  Cewt 

I  Abundance  of 

Relevant 

Stable 

Isotope 

!  Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 

;      Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-274 

"•"In 

53  99m 

"*In  {n,y) 
"«In  (</,/>) 
"•Cd  {p,n) 

95-77 
95-77 

7-58 

1 

155  ±  10 

75 

1-277 

««Na 

2-58y 

"Mg  {d,a) 
"F  (a,/l) 

"Ne(/>,y) 
-"Na  {n,2n) 

78-6 
100 

0-257 
100 

1-277 

'"Eu 

16y 

"»Eu(/J,y) 
i^'Eu  (J,/7) 

52-23 
52-23 

420  ±  100* 

42 

128 

"•I 

668h 

"•U(/i,/) 

5-6% 

34 

pissmxe 

(30%) 
P"*Xe(70%) 
D'«Te 

128 

MP 

4-45S 

"Si  (p./!) 

4-71 

0-8 

1-28 

"Al 

656m 

'•MgCa,/;) 

11  29 

85 

1-28 

»"Pd 

8-5h 

P  (4-7d) 

1  281 

"♦Bi 
(RaQ 

197m 

D"*Pb 

(RaB) 
D^'At 
P"*Po(RaC') 
P^TKRaC") 

1-285 

IMHIHo 

5  Oh 

D"«Er 

1  289 

••Fc 

45- Id 

"Fe  (/i,y) 
"Fe  (^,p) 

0  31 
100 
0-31 

0  98  ±  0  10 

43 

1  289 

"«Ta 

1151d 

'»»Ta  (/j,y) 

99-9877 
99-9877 
26-4 

19  ±7 

1  29 

•»Ar 

110m 

^-Ar  {n,y) 
♦"Ar  (^,/7) 
*'K  (n,p) 

99  600 

99  600 

6-91 

0-53  ±  0  02 

1  298 

«**Sb 

60  9d 

»"Sb  («,y) 
'"Sb  (f/,p) 
>"Sn  {d,2n) 
•"Sn  (p,«) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0-5 

' 

1  299 

»«»In 

50  Od 

"Mn(/j,y) 
"Mn(c/,;7) 
"«Cd(p,«) 
"»Cd  (</./!) 
»Mn(y,«) 
"•In  (w,2n) 

4-23 
4-23 
28-86 
12-26 
95-77 
95-77 

56  ±  12 

0-2 

P"*In 

I 
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X  Naturally  Active 


Per  Cent 
Abundance  of 


Thermal  Neutron 
Activation 


Per  Cent 


Radioactive 


y-Energy 

Some  Modes 

Relevant 

Cross  Section 

Abtmdcmee  of 

Parent  or 

(Aiw) 

Nuclide 

Half-Ufe 

of  Formation 

Stable 
Isotope 

{Bams)  or 
Fission  Yield 

y-RadiatioH 

Daughter  of 

1  300 

"«Eu 

92h 

"'Eu  (n,y) 
"«Eu  (d,p) 
»"Eu  {n,2n) 

All! 
Alll 
52-23 

1400  ±  300* 

1  30 

'*'Gd 

29h 

P'"Eu 

1  30 

>"Nd 

2-42h 

•"Pr(A/i) 
'••Pr  (dOn) 
>"Nd  (n,ln) 
»"Nd  {y,n) 

100 

100 

27  13 
2713 

0^3 

1  30 

•«Ga 

2-6m 

•*Zn(/>./i) 
"Zn  (</,2/i) 

48-89 
48  89 

1  30 

••"Cs 

62d 

'••Cs  (/i,2/i) 
•"Xe  W,2/i) 
'"Xe  (/>,/!) 

100 

26-89 
26  89 

1  30 

"•Sb 

16in 

1  30 

»>«In 

72s 

"Mn  (n,y) 
»"ln  (y.n) 
»»In  (n.2/i) 
"H:d(p,/i) 

4-23 
95  77 
95-77 
28-86 

20  ±  0  6 

0O9 

Dium|n 

1  30 

ix&mCd 

43d 

"*Cd  (/I.y) 
"•Cd  (y,/i) 
"♦Cd  W,/») 
"*U  («./) 

28-86 

7-58 

28-86 

014  ±  0O3 
8x10-*% 

9 

D»»»Ag 

-1-3 

"•W 

80m 

P"Ta 

13 

*"Pm 

54h 

"•Nd  0'.2/i) 
»"Nd  (</,«) 
"•Sm  (/?,/») 
"•Sm  {y,p) 
"»U  (/f,/) 

560 

5-72 

13-82 

7-47 

13  % 

Weak 

D"»Nd 

1-3 

i..pr 

4-5h 

"•Ce(/>,2?i) 

88-48 

P»"Ce 

1-3 

"•Nd 

550h 

"»PrO»,3/i) 

100 

Ancestor 
'"Cc 

1-3 

•»Tc 

4-3m 

•*Mo  W,2;i) 

15  86 

~l-3 

.10X1 

(RaC) 

1 -32111 

Weak 

D"*Bi(RaC) 
P"*Pb(RaD) 

1-305 

"Cu 

81  5s 

"Ni(p,y) 

67-76 

1  308 

"»Re 

167h 

>"Re  (/i,y) 
"^Re(rf,/,) 

62-93 
62-93 

75  ±  15 

0^5 

D»"W 

1-31 

"•Sb 

60m 

"4n  (a,3/i) 

95-77 

1-31 

<»«°Rb 

6-3h 

"Br  (a,/i) 

5052 

1-31 

«'Ca 

4-7d 

««Ca  (^,/?) 

00033 

--70 

P"Sc 

1-31 

xoojc 

15-8S 

"•Mo(/7,/i) 

9-62 
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j  Naturally  Active 


y-Energy 
(Mev) 

1 

Nuclide 

1 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

j      Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-314 

,    "V 

16-Od 

"Ti  {p,n) 
♦'Ti  id,n) 

100 
73-99 
7-32 

D^Cr 

1  314 

*»Sc 

44h 

"V  (n,a) 
"Ti  (n,p) 
"Ca  (p,n) 

99-75 
73-99 
0-185 

1-317 

'H3a 

14-3h 

"Ga  irj,y) 
"Ga  {d,p) 
«Ge  (w,/>) 
'^Zn  -  p- 

39-8 
39-8 
27-37 

40  ±  0-7 

D"Zn 

1-317 

"Br 

35-87h 

«iBr  (rt,y) 
"Br  (d,p) 
•*Se  (f/,2«) 
"^Rb  (//,«) 

49-48 

49-48 

9-19 

72-15 

31  ±  0-5 

1-318 

*"Po 

5-7h 

"•Pb  (a,3n) 

25-1 

D"^Rn 

1-320 

"•Po 

8-8d 

^•*Pb  (a,2n) 

1-40 

p*o»Bi 
D*">Rn 

£)206At 

1-32 

'•As 

91  Om 

"Br  (n,a) 
"Se  (/i,/7) 

49-48 
23-52 

0-02% 

D"Ge 

1-32 

"•I 

86s 

"*U  («,/) 

3-1% 

1-326 

»"Sb 

609d 

•"Sb  («,y) 
•"Sb  (^,/7) 
•"Sn  id,2n) 
•"Sn  (/7,/j) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0-5 

- 

1-327 

»«Eu 

92h 

•"Eu  in,y) 
•"Eu  (J,/;) 
•"Eu  (//,2n) 

47-77 
47-77 
52-23 

1400  ±  300* 

1-328 

LOTHg 

10  Oh 

•»'Au(p,5/;) 

100 

piMHg 

P'»«'"Au 

1  33 

••Cu 

23-4in 

•"Ni  (/»,«) 
•»Ni  (</,2«) 
••Ni  ia,pn) 

26-16 
26-16 
67-76 

80 

D«oZn 

1  33 

••Ni 

64d 

"Fe  (a,2/i) 

5-84 

P»«Co 

133 

"Mr 

41  5h 

•"Re  («,3/i) 
'••Re  (a,n) 
'••Os  (f/,2/i) 
'••Os  (d,3n) 

62-93 
37-07 
13-3 
16-1 

D"»Pt 

1-33 

••Mr 

lid 

'•'Re  («,/j)        ! 
'••Os  (dan) 
•••Ir  (/»,2«)        1 

62-93 

26-4 

38-5 
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\  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Ufe 

'       Some  Modes 
1      of  Fofmation 

Per  Ceni 
Abtmdance  of 
1      Relevant 
[        Stable 
Isotope 

Thermal  Seutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

Per  Cent           Radioactive 
Abtmdance  of         Parent  or 
y-Radiation        Daughter  of 

1  33 

"•Pm 

2-7h 

"•Nd  (dOn) 

560 

1       560 

T 

1-3325 

••Co 

5-24y 

"Co  {n,y) 
»*Co  (</,/>) 
••Cu  (/!,«) 

100 
100 
69  1 

20  ±3 

1-337 

»»Bi 

14-5d 

• 

D"»Po 
D»"At 
P»"Pb 

1-339 

iMjr 

190h 

"•Ir  {n,y) 
"•IrW./>) 
'"Pt(y^) 
"•Pt  (y.pn) 

61  5 
61  S 
33-8 

252 

130db30 

iy»«Os 

1  34 

•*Cu 

12  80h 

•HTu  (/I.y) 
••Cud/^) 
"Zn  (/I./,) 

69  1 
69  1 
48  89 

4-3  ±  0-2 

Weak 

1-34 

»«Au 

395h 

"Mr  («,3/i) 
"*Pt  (</.2h) 
"»Pt  (dM) 
"«Pt(/»^) 

61  5 
329 
338 
32-9 

D"«Hg 

1-34 

••Ge 

404h 

"Ga  (</,2n) 
"Ga  {p,n) 
"Zn  (a^) 

602 
602 

27  81 

D-As 

1-343 

»"™Hg 

10  Oh 

"'Au(/»,5n) 

100 

P>"Hg 

P"»"Au 

1  35 

"Co 

77-3cI 

"Fe  {d,2n) 
"Ni(y,/>n) 

91  68 
6776 

D"Ni 

1-35 

"Mg 

21 -2h 

••Si(y.2p) 

312 

P»»A1 

1-35 

•Tc 

2-75h 

"Mo  (^,/») 
"Mo(/>,y) 

15  86 
15-86 

1-35 

"•Ta 

935m 

"•Hf  (/>,/!) 

271 

D»'«W 

1  352 

»»»Bi 

145d 

D«~Po 
D»^At 

P"»Pb 

1-358 

"•Rh 

20-8h 

"Ru  (^,/f) 
»"Ru  {d,2n) 
»"»Ru  (p,/i) 

12-7 
12-7 
12-7 

D»»«Pd 

1  360 

.07po 

5-7h 

1 

*"Pb  (a,3/l) 

25  1 

D"»Rn 
D"»At 

1  36 

""Au 

48m           1 

"•Au  (/l,y) 
^0-Hg  (/!,/») 
"»T1  (/!,«) 

t 
2313 
295 

30  ±  15*      1 

<1 

D«^Pt 
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t  Artificially  Active 
175 


X  Naturally  Active 


^{^M^ 

Nudide 

Hatf-Ufe 

Some  Modes 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
•/-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1  36 

'^Ge 

11  3h 

^•Ge(/i,y) 

7-67 

80  =c  20mb 

P"As 

^•Ge(rf^) 

7-67 

"•Se  (/I,a) 

49-82 

»«U(/i,/) 

3-7xlO-»% 

1  36 

'•As 

52m 

lyse 

1361 

i»*Sb 

• 

60  9d 

»"Sb  (/i,y) 
«»Sb(rf,/») 
"*Sn  {d,2n) 

46-75 

46-75 

5-98 

5-98 

2-5  ±  0  5 

1364 

»m 

261h 

"^Au  (a,/l) 
*-Hg(£/^) 

100 
23-13 

D«-Pb 

1-366 

»«o 

29-48 

*'0(/I,y) 

0204 
100 

0-21  ±  O^mb 

1367 

^*k:& 

2-07y 

»»<:s(/i,y) 
»»»Cs  id,p) 

100 

100 
10  44 
10  44 

30  ±  1 

1  368 

•'Ni 

36h 

5-84 
67-76 

86 

P"Co 

1  368 

"Na 

1497h 

"Na  (n,y) 

100 

536  zn  lOmb 

1370 

»*Sb 

60  9d 

"»Sb(/l,y) 
'"Sb  {d^p) 
»"Sn  W,2«) 
»"Sn(/)^) 

46-75 

46-75 

5-98 

5-98 

2  5  ±  0-5 

1  37 

•H3a 

945h 

•»Cu(«^) 
-Zn  (</,2n) 
-Zn  (p,n) 

69  1 

27-81 
27-81 

D««Ge 

1  37 

''As 

26h 

••Ga  (a^) 

'KJe  (^,2n) 
"Se(^,a) 

602 

27-37 

27-37 

087 

D'«Se 

1  37 

•»Sr 

260h 

"*U(/./) 

50% 

ptty 

1-37 

"'Rn 

16h 

"•Bi  (a,2n) 

100 

P*"At 

ptorpo 

137 

M4BIJ 

4-4h 

••»Am  (cmi) 

■  t 

P"«Cm 

1-373 

"'Po 

5-7h 

•^b  (o,3ii) 

25-1 

D"'Rn 
D"»At 

1-375 

«»Ta 

115  Id 

»"Ta  (/i,y) 
»"Ta  (d^) 
''^in,p) 

999877 
99-9877 
264 

19  ±7 

1-377 

»««Ho 

S-Oh 

D»-Er 

*  Pile  Neuuona 


t  Artificially  Active 
176 


I  Naturally  Active 


y-Erurgy 
{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Fonmatum 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation  Per  Cent  Radioactive 
Cross  Section       Abundance  of        Parent  or 

(Bams)  or  ;  yjfarfi"an"<wt  j  Daughter  of 
Fission  Yield                              \ 

1-378 

"«Bi 
(RaQ 

197m 

D«"Pb 

(RaB) 

lyAt 

P*'*Po(RaC) 
P*'^TI(RaC') 

1  38 

'••Rh 

130m 

1  38 

"•Ho 

27  3h 

"»Ho  (/f.y) 

100 

60  i:   12 

D'"Dy 

1-38 

•»Ga 

152m 

•*Zn  (J^) 

48  89 

P^*Zn 

•♦Zn(|».y) 

48  89 

1  384 

"•"Ag 

253d 

'••Ag(/l.y) 
'••Ag  (d,p) 
"•Pd  (d,ln) 

48-65 
48  65 
11  8 

3  2  ±  04 

P"^Ag 

1-384 

•••Pb 

~3  -  10»y 

P"T1 

1-388 

'••Ag 

8  2d 

'••Rh  (a,n) 
'••Pd  (d,n) 
'-Pd  ipjn) 
"'Ag  (w.2/1) 

100 
22-2 
27-3 
51  35 

1  39 

»"Ag 

320h 

"HTd  (n.p) 
"•Cd  f,y.p) 
"Mn  (n.a) 

2407 
12  26 
95-77 

D"«Pd 

1  39 

"•Sn 

95m 

'"Sn  (/»,y) 
'"Sn  (</./>) 

598 
598 

0  2  ±  0  1 

19 

1  39 

"Rb 

17  8m 

"Rb  (/.,y) 
•'Rb  W,/») 
••Sr(«.p) 

27-85 
27-85 
8256 

0  12  ±  0O3 

I>«Kr 

1  39 

««A1 

21s 

»*Mg  (/>,/!) 

78  6 

1  40 

MY 

10  4h 

D»»Sr 

1  40 

IS.J 

226h 

•"1  («.y) 

t 

50  ±40 

D"«Te 

14 

USJ 

20-8h 

•"U(/i,/) 

4-6% 

1 

Descendant 

P'"Xc 

(2-4%> 
D'»*Te 

1-4 

••Y 

16  5m 

•*Zr  («,;») 

1740 

5% 

D»*Sr 

'-'l-4(?) 

"•Pr 

20h 

'««Ce(/>,3n) 

88-48 

1405 

•-Bi 

6-4d 

"*T1  (a,3/l) 

•••Pb  (^,2/1) 
"'Pb  (dJ>ri\ 

7050 

251 

21-7 

D'^^Po 
D"^At 

1410 

"As 

264h 

"As  (/l,y) 
'*As  (d.p) 
"Br  (w,a) 
^^Se  (y,p) 

100 
100 
5052 

7-58 

5-4  ±  lO 

•  Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


177 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent     \ 
Abundance  of 
Relevant      , 
Stable 
Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

141 

"^Sn 

9-4d 

"*Sn(/i,y) 
"*Sn  {d,p) 
*«U(/i,/) 

5-98 
5-98 

4  ±  2mb 
0-012% 

pi"Sb 

1-41 

"•Cs 

12-9d 

"»Cs  (/I,y) 
"•La  (n,a) 

t 
99-911 

13  ±4* 

141 

"Co 

18-2h 

"Fe  id,n) 
"Fe(p,y) 

5-84 
5-84 

P"Fe 

1-41 

••Rh 

4-7h 

••Ru  (p,n) 
»»Ru  (d,n) 

12-7 
1-91 

D'^Pd 

1-41 

"*Eu 

9-2h 

"lEu  (w,y) 
"^Eu  (d,p) 
"»Eu  (n,2n) 

47-77 
47-77 
52-23 

1400  ±  300* 

1-413 

•'Sr 

967h 

••Sr  (n,y) 

•*Zr  (/I,a) 

*"U(n,/) 

t 
17-40 

10  ±0-6 
50% 

p«iniY 

p.iY 

D(l-7m)"Rb 
D(14m)"Rb 

1  416 

"♦Bi(RaQ 

19-7m 

D"*Pb 

(RaB) 
D"«At 
P"*Po(RaC') 
P'^TlCRaC) 

1416 

"*Eu 

12-7y 

1-42 

"•I 

13-3d 

"»Sb  (a,n) 
»»Te  (d,n) 
"•Te  (/>,«) 
"'I  (/i,2n) 
"'I  (y,n) 

42-75 
699 

18-71 
100 
100 

143 

*»«Pa 
(UX.) 

666h 

"»Pa  (/I,y) 

t 

25  ±4 

P"*U(U„) 

D^i^PaCUX,) 
D^'^ThCUX,) 
(0-63%) 

143 

i»»Ba 

84  0m 

'"Ba  (n,Y) 
""Ba  (</,p) 

"•La  (/i,p) 
"•Ce  (/!,«) 
"•U  (/I,/) 

71-66 
71-66 

99  911 
11  07 

0  55  ±  01 

6-3% 

D'"Cs 

Descendant 
'"Xe 

1-43 

"•Cs 

322m 

"•Ba  (n,p) 

71  66 

73 

D^-Xe 

,    "^Cs(/J,y) 

t 

<2 

Descendant 

taoi 

143 

M'Bi 

8  0y 

•••PbW,3/i) 

523 

1 

D«»At 

pi07mp^ 

1435 

••-"Ho 

5^h 

£)i«oEr 

•  Pile  Neutrons 


t  Artificutlly  Active 
178 


X  Naturally  Active 


y-Energy 
{MevJ 


Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiatiom  , 


Radioactive 

Parent  or 

Daughter  of 


1-437 


144 


1  44 


1-44 
1  441 

145 


1  45 
1454 

1  46 
146 
1  46 


146 
146 


146 
1  46 
1-46 
1-463 


*Ta 


»»«nipa 


""At 

IStJ 


^Mn 


'Mn 


••CI 

'*As 


"Br 
«Ga 


115  Id 


I  175m 


3  76m 


1  X 10"y 
83h 

41  5h 


3  60h 
lis  Id 

668h 

21  3m 

560d 


l-4m 
26h 


6-3h 
1  25xlO»y 
60m 
14-3h 


!  "»Ta(n,y) 
"»Ta  (d,p) 
»"W  {n,p) 
"»Pa  (/I.y) 


"V  (/I.y) 
*'V  (d,p) 
»*Mn(n.a) 

»~Bi  (a.3ii) 

'"Re  (a,3/l) 
'"Re  {a,n) 
'••Os  id,2fi) 
'••Os  (J,3n) 
**Zrin.p) 
•*Zr  id,a) 
"•Ta  (/I.y) 
»»Ta  (d,p) 
"•W  (/i.p) 
•"U  (/I./) 


*H:r  (d,2n) 
'•Cr  (/»./!) 
»*Fe(y./»/i) 
*«Fe  (d,a) 
*H:r(p./i) 
»*Cr  (J,2n) 
»«Fe  (d,a) 

••Ga  (a,/i) 
^*Ge(p,/i) 
»Hje  {d,2n) 

'«Se  (f/,a) 

"Br  (a.n) 


"Ga  (/i.y) 
"Ga  (^,p) 
'*Ge  {n,p) 

'-Zn  B 


99  9877 
99  9877 
264 


9975 

9975 
100 

0O89 
100 

62  93 

3707 

133 

161 

1711 

17  40 

99-9877 

99-9877 

26-4 


83-76 

83-76 

5-84 

5-84 

83-76 

83-76 

5-84 

602 
27-37 
27-37 
0-87 
50-52 


39-8 
39-8 

27-37 


19  ±7 


43 


4  5  ±0^ 


19  ±7 


56% 


12 


0O5(?) 


60 


40  ±  0  7 


D»TTi(UX,) 

P"*U(U„) 

P"*Pa(UZ) 


P«'«Po 
P«»«Bi 
D'»»Pt 


D»*Sr 


piMmXe 

(30%) 
P"»Xc(70%) 
D»»»Te 
EH'Fe 


D»»Se 


D"Zn 


*  Pile  Neutrons 


t  Anificially  Active 


X  Naturally  Active 
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y-Energy 

Nuclide 

Half-U/e 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1466 

"*Ir 

190h 

»»Ir  in,y) 
^•»Ir  (d,p) 
"*Pt(y,p) 
'"Pt  (y,pn) 

61-5 
61-5 
33-8 
25-2 

130  ±  30 

D"*Os 

1-47 

•*Co 

13-9m 

"Ni  {n,p) 

3-66 

1-47 

'•*Au 

395h 

••Mr  (a,3/i) 
i»*Pt  (</,2«) 
»"Pt  (J,3/i) 

61-5 
32-9 
33-8 
32-9 

D"*Hg 

1  47 

•'Ge 

21m 

'"Ge  (d,p4n) 

20-55 

P"Ga 

\A1 

"Br 

31  8m 

"Rb  («,«) 

27-85 

1  475 

"Br 

35-87h 

"Br(n,y) 
"Br  (^./?) 
"Se  (</,2«) 
"Rb  («,«) 

49-48 

49-48 

9-19 

72-15 

31  ±05 

1  478 

iMjr 

19  Oh 

"»Ir  (/i,y) 
'•»Ir  (d,p) 

"•Pt  (y,/7/») 

61-5 
61  5 

33-8 
25-2 

130  ±  30 

D"*Os 

1479 

•""Mo 

695h 

"Mo  (n,y) 
••Zr  (a,/l) 
••Nb(/>,n) 
"Nb  (d,2n) 

15-86 
51-46 

100 

100 

<6mb 

1-487 

ii.m|„ 

5399m 

"*In  («,y) 
"»In  {d,p) 
"•Cd  (/7,/i) 

95-77 

95-77 

7-58 

155  ±  10 

21 

1  487 

"•At 

83h 

"•Bi  (a,3/») 

100 

P"«Po 
P*««Bi 

1489 

'•""Hg 

10  Oh 

>"Au  (p,5n) 

100 

pi.sHg 

pi.sm^U 

1  49 

"Ni 

2564h 

"Ni  (/i,y) 
"Ni(^,p) 
"Cu  (/.,/») 
"Zn  (/I.a) 

116 
116 
309 
18-56 

16  ±0-2 

149 

»*«Pr 

244m 

D>"Ce 

149 

"*Tm 

63  6h 

D"»Er 

1  49 

.MJc 

15-8S 

'••Mo(/7,n) 

9-62 

150 

•■Ic 

275h 

"Mo  (d,n) 
"Mo  (Ay) 

15-86 
15-86 

-150 

••♦Au 

395h 

»"Ir  (a,3«) 
»"Pt  (d,2n) 
«"Pt  (fA3/i) 
••*Pt(/'^) 

61-5 
32-9 
33-8 
32-9 

D'"Hg 

*  Pile  Neituont 


t  Anificially  Active 
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X  Naturally  Active 


y-Energy 

{Mm) 


Nuclide 


Half-Ufe 


Fame  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant     j 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
{Barns)  or 

Fission  Yield 


Per  Cent  Radioactw* 

Abtmdaiiceof         Parent  or 
Y-Radiariom  >     Daughter  of 


I  50 
I  50 
15 
'1-5 


15 
1  503 


1  504 


1  507 


1  509 


1  510 


1-517 

152 
1-523 


1  53 


1-53 


1-53 


"Ga 

"«Pr 

"Ge 


»"Bi 


•Ir 


"«Bi 
(RaQ 


»Bi 


"CI 
"»Bi 


*Ag 


™Zr 


44h 
7-8m 

17-27in 

11  3h 


7-3m 
14-5d 


Ag  253d 


19  Oh 


19-7m 


123h 


26  Ih 

555m 
12-3h 


8-2d 


12-52h 


4 -4m 


»*'Am  (o^) 


'•Gc  (n.y) 

-Sc  (/!.«) 
*"U  in  J) 

"•Np  (n,Y) 


^'•Ag(/i,y) 
'-Ag  (d,p) 
»*Pd  id,2ft) 
»"lr  (/l.y) 
'"Ir  id,p) 
'•*Pt  (y./>) 
'••Pt  (y^) 


•••Hg  {d,2n) 
*'Ar(y^) 


t 


7-67 

7-67 

4982 


t 


48-65 
48  65 
118 
61  S 
61  S 
33-8 
25-2 


100 

23  13 
99  600 


'"Rh  (a,/») 

100 

'•*Pd  id,n) 

22-2 

'-Pd(/»,/f) 

273 

'•'Ag  (/i,2n) 

51-35 

"K  (/I,y) 

6  91 

"K  (d,p) 

6  91 

"Sc  (n,a) 

100 

"Y  (/,,/!) 

100 

•«»Zr(/f,2/iK?) 

51-46 

""Zr  (y.//) 

51  46 

80i:20mb 


3  3xlO->% 
35  r  10* 


3  2  i  0  4 


130  ±  30 


Weak 
Weak 


3-5 


11  ±01 


P"»Cm 

D»"Ce 
P"As 


D"*U 

D»»»Po 

D»-At 

P*«»Pb 

P"«At 


D»»«Os 


D"*Pb 

(RaB) 
D»'*At 
P'*Po(RaC) 
P"«n(RaC) 
P»"Pb 

p*Minp|, 

D»"Po 
D»*»At 
D^Pb 


P^Pb 
P**»Pb 
D»"Po 
D*»'At 


I>*Ar 


D«»»Nb 


♦  Pile  Neutroos 


t  Artificially  Active 


X  Naturally  Active 


181 


Per  Cent 

Thermal  Neutron 

Abundance  of 

Activation              Per  Cent 

Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section      j  Abundance  of 

Parent  or 

{Mev) 

Nuclide 

Half-Life 

of  Formation 

Stable 
Isotope 

(^Barns)  or         •  y-Radiation 
Fission  Yield 

Daughter  of 

1-537 

"'Bi 

12-3h 

p203p5 

pzoamp^ 

D2ospo 

D^'^At 

1-54 

""Mo 

66s 

•^Mo  (y,/l) 

15-86 

1-54 

»"Ho 

27-3h 

»*Ho  in,Y) 

100 

60  i  12 

D"«Dy 

1  55 

»»™»Cd 

3-Oh 

"•Cd  (n,Y) 
"•Cd  id,p) 

7-58 
7-58 

1-5  ±03 

Ancestor 
Di"Ag 

1-55 

"•I 

86s 

"*U  (n,/) 

31 7o 

155 

"Rb 

15  4m 

""Rb  (/I,y) 

t 

1-0  ±0-2 

D«»Kr 
P«»Sr 

1-55 

••Kr 

2-77h 

"^Kr  (n,y) 

<600 

P»«Rb 
D«»Br 

1-55 

•••Rh 

30s 

D'o^Ru 

1  552 

*«»Bi 

14-5d 

D206PO 

D-o'At 

p205p5 

1  557 

lOORJj 

20-8h 

"Ru  (^,/7) 

looRu  (d,2n) 
'""Ru  (/7,n) 

12-7 
12-7 
12-7 

£)100pd 

156 

»»m 

2-2ni 

D"»Bi 

P*«»Pb 

156 

•^ 

1  5m 

~100 

1-56 

»"Mo 

14-61m 

"«Mo  (/l,y) 
»»»Mo  (</,;?) 

962 
962 

0-20  ±  0-05 

pioijc 

1S6 

^••Rh 

130m 

1-57 

~«Np 

440d 

"'U  (</,3/j) 
"»U  (a,p4n) 
*"V(p,2n) 

"»U  (a,p2n) 

0-720: 
0-720: 
0-720: 

t 

t 

D*"Pu 

1  57 

••Nb 

l-8xlO«y 

•»Nb  (/I,y) 

100 

8 

1-57 

•♦Br 

31-8m 

•'Rb  (/I,a) 

27-85 

1-572 

"•Pa 

22h 

P"*Ac 
P'^Th 
(RdTh) 

1  572 

'"Pr 

19-2h 

•*'Pr  (n,y) 
•♦'Pr  (^,/7) 
•*H:e(/7,«) 
«"La  («,/!) 

100 

100 
1107 
99  911 

10  ±  3 

1-58 

»«Ni 

64d 

»«Fe  (a,2/i) 

5-84 

P"Co 

*  Pile  Neutrons 


t  Artificially  Active 

182 


:  Naturally  Active 


y-Energy  i 

{Mev)  Nuclide      [       Half-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

liotope 


Thermal  Seutron 

Activation 

Crois  Section 

{Bams)  or 
Fission  Yield 


Per  Cent  Radioacttte 

Abundance  of         Parent  or 
y-Radiation  ~     Daughter  of 


I  58(?)  "Ga 


1  58 


*Rh 


"AI 
••»Po 

""Ac 
(MsTh,) 


»La 


«Au 


'*Ga 


•Bi 


»U 


'•a 


i..pr 
»«Eu 


"•At 


9-45h 


210d 


7-6s 
57h 

6  I3h 


195h 


395h 


14-3h 


64d 


4022h 


37-29m 


4-5h 
16y 

41  5h 


8-3h 
16  7h 


••Cu  (a^) 
••Zn  id,2it) 
••Zn  0>,/i) 
»"Ru  (d,n) 
"»Rh  in,2n) 
»«»Rh  (y^) 
»Mg  (/»./!) 
"•Pb  (a,3/f) 

»»»Ac  (n.y) 


"•CS  (a.2/l) 

>"Ba  (^,/i) 
»»Ba  0>.n) 
"Mr  (a.3/i) 
'•«Pt  (</,2/f) 
"»Pt  (J.3/1) 
>"PtO»^) 
"Ga  in.y) 
"Ga  (J,p) 
'«Ge  (n,p) 
"Zn-/3- 
••»TI  (a,3/») 
•••Pb  (d,2n) 
»"Pb  (</,3/i) 
"•La  (/i.y) 
"•La  {d,p) 
"•Cc  (/!,/>) 
"CI  (/f,y) 
•'CI  (<i.;>) 

"K  (/!,«) 

"•Ce  ip,2n) 
"•Eu  (/l,y) 
"»Eu  id,p) 
"^Re  (a,3/i) 
^••Re  (a,ii) 
"•Os  {d,2n) 
"•Os  (^,3n) 
•••Bi  (a,3ii) 

»»Re  («,y) 
»^-Re  (J,/j) 


69  1 

27-81 
27-81 
17  0 

100 

100 
10  11 
25  1 


100 
2-42 
6S9 
61  S 
329 
338 
329 
398 
398 
27  37 

70  50 
25  1 
21  7 
99  911 
99  911 
88-48 
24-47 
24-47 
6  91 
88  48 
52-23 
5223 
6293 
37-07 
133 
16  1 
100 

6293 
6293 


S20  ±30 


4-0  ±  0-7 


Weak 


8  2  ±  0  8 


0-56  ±0-12 


420  ±  100* 


75  -  15 


0O7 


D**Ge 


D"'Rn 
D»»»At 
D»»Ra 

(MsThi) 
P»*Th 

(RdTh) 
D"*Cc 


D"«Hg 


D»«Zn 


D»^«Po 
D»"At 

D»*»Ba 


D^^S 


P"^Cc 


D"«Pt 


pti.po 

P»^«Bi 
D"«W 


*  Pile  Neutrons 


t  Anificially  Active 
183 


X  Naturally  Active 


y-Energy 
{Mev) 

Nuclide      \ 

Half-Life 

1 

Some  Modes 
of  Formation 

Per  Cewr     j 

Abundance  of  ^ 

Relevant      '■ 

Stable        \ 

Isotope 

Thermal  Neutron  '.                         1 

Activation              Per  Cent     '      Radioactive 
Cross  Section        Abundance  of '       Parent  or 

{Barns)  or            y-Radiation        Daughter  of 
Fission  Yield 

i 

161 

"Ge 

40-4h 

•»Ga(c/,2«) 

602 

i 

D«»As 

••Ga(/7,/i) 

60-2 

••Zn  (a,//) 

27-81 

1  61 

"Na 

60s 

*^Mg{n,p) 

"Mg(y,/7) 

1011 
11-29 

1615         j 

i 

14-5d 

- 

£)205po 

D^«»At 

p20Spl, 

1  618 

! 

IMJr 

19-Oh 

'•»Ir  {n,y) 
"»Ir  {d,p) 
"*Pt  iy,p) 
"•Pt  {y,pn) 

61-5 
61-5 
33-8 
25-2 

130  ±  30 

D'»*Os 

1  62 

"«Ag 

3-20h 

"*Cd  (rt,/7) 

'"Cd  (y,p) 
'"In  (/I,a) 

24-07 
12-26 
95-77 

D"^Pd 

162 

»»Co 

71-3d 

^•'Mn  (a,n) 
»»Fe  (p,/i) 
**Fe  («,«/?) 

67-76 
100 
0-31 
91-68 

1-62 

'••Ho 

27-3h 

'•*Ho  («,y) 

100 

60  ±  12 

D'««Dy 

1-627 

"F 

10-7S 

'•F(/I,y) 
'•F(J,/7) 
-»Na  («,a) 

100 
100 
100 

9  ±  2mb 

163 

••Nb 

14-60h 

"Zr  (^,2n) 
'"Zr  (p,n) 
"Mo  (^,a) 
•*Mo  (y,;7/7) 

57-46 
57-46 
15-86 
15-86 

D^Mo 

164 

«»«Ac 

(MsTh.) 

6  13h 

"'Ac  (n,y) 

+ 
+ 

520  ±  50 

D"»Ra 

(MsTh.) 
P-««Th 
(RdTh) 

1  646 

""Hg 

lOOh 

»"Au  (/?,5w) 

100 

P'"Hg 
P'»"«>Au 

1-65 

««Ne 

40  2s 

"Ne  (n,y) 
"Na  (n,p) 

"Mg  (/I,a) 

8-82 
100 
11-29 

36  ±  15mb 

1-662 

mjr 

190h 

"Mr(n,y) 
"Mr  (d,p) 
"•Pt  (y.p) 
«"Pt  iy,pn) 

61-5 
61  5 
33-8 
25-2 

130  ±  30 

D'»*Os 

1  663 

•^o 

5-7h 

•••Pb  («,3n) 

25-1 

D"'Rn 
D^o'At 

•  Pile  Neutron* 


t  Artihcially  Active 
184 


X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

P«-  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Seutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  YiM 

Per  Cent 
Abwidamceaf 
yRadiatian 

Radioactive 

Parent  or 

DoHtfueref 

168 

"«Pa 

666h 

"»Pa  (/f,y) 

t 

25  ±  4                              P"*U(U„) 

(UX,) 

D»>«Pa(UX,) 

EH«Th(UXO 
(063»i) 

1-68 

"As 

26h 

••Ga  (a^) 

602 

D'»Se 

'«Gc  (/»,/!) 

27-37 

'Hjc  {d,2n) 

27-37 

j 

'♦SC  (</.a) 

087 

1  68 

i^opm 

2-7h 

"•Nd(/»^) 
"•Nd  (J.2h) 

560 
560 

1  69 

«i4mp2 

M75m 

•"Pa  (/i.y) 

t 

43:r5 

D~Th(UX,) 

P»*U(U,i) 

1  P"«Pa(UZ) 

1  692 

'"Sb 

60  9d 

'"Sb(/i,y) 
"•Sb  (</,p) 

4675 
46-75 

2  5  ±  0-5 

"•Sn  (^,27?) 

598 

»«Sn  (p,n) 

598 

1  70 

"Cu 

81 -58 

"NiCp.y) 

67-76 

-l-7(?) 

»"Pr 

20h 

»*«Ce(p.3/i) 

88  48 

1-71 

>"lr 

41  5h 

»"Re  (a.3/i) 
»»Rc  (a,/l) 
"•Os  (^,2n) 
'••Os  (</,3/i) 

6293 
37-07 
133 
161 

D"»Pt 

1-719 

uomHo 

5  Oh 

D>-Er 

1  720 

"•Bi 

64d 

*-»Tl  (a,3/f) 

"•Pb  (d,2n) 
••Tb  (</,3ii) 

7050 
25  1 
21-7 

D»^«Po 
D«"At 

1-72 

»"Bk 

44h 

»"Am  (a,n) 

t 

P"*Cm 

1-72 

io«Ag 

8-2d 

'"Rh  (a,n) 

•••Pd  (<y,/!) 

"•Pd  (p,n) 
"'Ag  («,2/i) 

100 
22-2 
27-3 
5135 

1-72 

IIS] 

668h 

•"U(n./) 

5-6% 

19 

pi.»mXe 

(30%) 
P»»Xc(70%) 
D»»»Te 

1-72 

•'Zr 

170h 

"Zr(ll.y) 
••Zr(J,p) 

•••Mo  (/I,a) 
•"U(n/) 

2-80 
280 

962 

01  X  0-05 
6-2% 

p.7BlIS|b 

Descendant 
•'Kr 

•  Pile  Neutrons 


t  Artificially  Active 
185 


X  Nattirally  Active 


y-Energy 

{Mev)  Nuclide 


Half-Life 


Some  Modes 
of  Formation 


Per  Cent     j 
Abundance  of , 
Relevant 
Stable 
Isotope       I 


Thermal  Neutron 

Activation 

Cross  Section 

(Bams)  or 
Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


♦Bi 


(RaQ 


»Ar 


•*Co 
'•As 
"Br 
»«Ni 
"Gc 


»As 


••Nb 


'Kr 


•HTu 


»h:o 


••To 


"«Bi 
(RaQ 


4-5d 


19-7m 


1-83S 

64-2h 

13-9m 
52m 
31-8m 
6-4d 
11 -Bh 


26h 

1460h 

78m 

23  ^m 

77-3d 

57h 
19  7m 


i»Sb  (a,3/l) 


''CI  (p,n) 
"Zv(n,p) 
"Nb  (/7,a) 

"Ni  in,p) 

"Rb  («,«) 
*«Fe  (a,2n) 
'•Ge  {n,y) 
'•Ge  (^,p) 
«"Se  («,«) 

"'U  (//,/) 
••Ga  (a,n) 
■  *Ge  (p,n) 
"Ge  (^,2/j) 
'*Se  (^,a) 
••Zr  (J,2w) 
•"Zr  (/7,n) 
•^Mo  id,a) 
"Mo  (y,p/i) 
"Kr(/7,y) 
"Kr  id,p) 
"Rb  (/»,;;) 
"Ni  (p,/i) 
"Ni  (d,2n) 
"Ni  («,/7«) 
"Fe  {d,2n) 
"Ni  (y,p//) 
"Fe(a,/i/7) 

"•Pb  (a,3/l) 


57-25 

4-61 

42-75 


95-018 
75-53 
51-46 
100 
3  66 

27-85 
5-84 
7-67 
7-67 

49-82 

602 

27-37 

27-37 

0-87 
51-46 
51-46 
15-86 
15-86 
17-37 
17-37 
27-85 
26-16 
26  16 
67-76 
91-68 
67-76 

5-84 
25- 1 


Very  weak 


80  ±  20mb 


3-7x10-="% 


60  ±  20mb 


52 


D"«Pb 

(RaB) 
D"»At 
P"*Po(RaC') 
P^^TKRaC) 


D»»Sr 


D">Se 

P**Co 
P"As 


D"Se 


D»»Mo 


D"Br 


D^Zn 


D"Ni 


D»''Rn 
D"^At 
D«'*Pb 

(RaB) 
D'-^At 
P"*Po(RaC') 
P^'TKRaC) 


*  Pile  Neutrons 


t  Anificially  Active 
186 


I  Naturally  Active 


y-Energy 

{Mm) 

Nuclide 

Half'Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

RdevoHt 

StabU 

Isotope 

Thermal  Neutron 
Activation 

Cross  Sectiom 
{Bams)  or 

Pissiom  Yieid 

Per  Cent 
Abtmdameof 
Y-Rmdiaticm 

Radioactive 

Parent  or 

Daughter  of 

1766 

•••Bi 

145d 

D»*»Po 
D^^^At 
P»«»Pb 

1-77 

"•Rh 

30s 

D'»«Ru 

1-771 

107Bi 

8-Oy 

•••Pb  {dM) 

523 

D«"At 

pMTmp5 

1777 

•••Bi 

145d 

' 

D»»»Po 
P^«»Pb 

1-78 

IM] 

52-5in 

***\5{nJ) 

57% 

D'»n-e 

1-78 

"•Xc 

1 7m 

P'^-Cs 

1-78 

••Al 

227m 

"AI(n,y) 
"fiMdj>) 
"P  (/».«) 

100 
100 
100 

0  21  ±002 

D"Mg 

1783 

"•Re 

16  7h 

"»Re(ii.y) 
••»Rc(rf,p) 

62-93 
62^3 

75  ±  15 

0O2 

D'^«W 

1-79 

"»Tm 

63  6h 

D'"Er 

1-79 

i.p 

028s 

75 

180 

»••! 

668h 

»"U(«J-) 

5-6% 

11 

pi.unxe 

(30%) 
P'^»Xe(70%) 
D'»*Te 

180 

•"Rn 

16h 

•••Bi  (a.2ii) 

100 

P*"At 
P»*To 

18 

i.Tjr 

7m 

»"Pt(yj») 

719 

1-8 

"•La 

77m 

D'"Ba 

18 

"•Ce 

630h 

"•U  Cp.7/1) 

99-911 

p»»»La 

1-8 

loojc 

15-8S 

'-Mo(/;./i) 

962 

1-802 

"•Ir 

190h 

"•Ir  (n.y) 
'•»Ir  {d,p) 
"•Pt(y./») 
"•Pt  {y,pn) 

61  S 
61  S 
338 

25-2 

130  ±30 

D'»H)s 

1803 

'••Re 

I67h 

'"Rc(/i,y) 
'•^Re  (</.p) 

62-93 
6293 

75  ±  15 

0O3 

D'^^W 

181 

"Mn 

2-576h 

"Mn  (n,y) 
"Mn  (J,/>) 
••Co  (n,a) 
"Fc(y.;>) 

100 
100 
100 
217 

13  3  ±  0  2 

183 

«»«npa 

l-175m 

•»»Pa  (/I,y) 

t 

43  ±5 

D»«Th(UXi) 

P"*U(Ua) 

P«»*Pa(UZ) 

183 

"«Ag 

320h 

"H:d(/i,/7) 

"»Cd(y,/>) 
'"In  (/»,«) 

2A<yj 

12-26 
95-77 

D"»Pd 

Pile  Neutrons 


t  Artificially  Active 


X  Naturally  Active 


M* 


187 


y-Energy 
{Mev) 

NwJide. 

Half-Ufe 

Some  Modes 
of  Formation 

Pct-  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 
Cross  Section 

(Bams)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-83 

"Al 

8xlO»y 

"Na  (a,/l) 
"Mg(p,/l) 
»Mg07,y) 
"Al(y,/l) 

100 
11-29 
1011 

100 

96 

1-83 

"Nb 

lOld 

"Y  («,/!) 
•*Zr(p,/7) 
"Nb  iy,n) 
"Mo  (J,a) 
"Mo  in,p) 

100 

17-11 
100 
912 

15-86 

1-84 

•*Co 

18-2h 

"Fe  (^,«) 
"Fe(/;,y) 

5-84 
5-84 

P»Fe 

1-84 

"•Eu 

15-4d 

»»Eu  {n,Y) 

t 

14000  ±4000* 
0013% 

D»«Sm 

1-846 

«"Bi 

12-3h 

P*»»Pb 

p20»nipb 

D»"Po 
D*"At 

1-847 

"To 

5-7h 

"•Pb  (a,3/l) 

251 

D«"Rn 
D"'At 

1-849 

"♦Bi 

(RaQ 

19-7m 

D2i*P5 

(RaB) 
D^^At 

P"*Po(RaCO 
P^TKRaC) 

1-85 

"Tc 

53in 

"Mo  (p,n) 
"Mo  (rf,2n) 

9-12 
9-12 

D»*Ru 

185 

IMAg 

8-2d 

"»Rh  (a,/l) 
"•Pd  (d,n) 
"•Pd  (/;,/!) 
"'Ag  (/i,2«) 

100 

22-2 
27-3 
51-35 

1-85(7) 

•n^ 

1460h 

"Zr  (J,2«) 
••Zr  (/>,/!) 
"Mo  (^,a) 
•*Mo  (y,/7/i) 

51-46 
51-46 
15-86 
15-86 

D"Mo 

1-85 

••Rb 

17-8m 

"Rb  (/i,y) 
"Rb  (d,p) 
•*Sr  (n,p) 

27-85 
27-85 
82-56 

012  ±  0  03 

D"Kr 

I  853 

My 

104d 

"Sr  (</,2/i) 
"SrO;^) 
"Y  (/»,2/i) 

82-56 
82-56 
100 

D"Zr 

1-859 

'H3a 

l4-3h 

"Ga  (/i,y) 
"Ga  (d,p) 
"Gc(«,/7) 
"Zn  )3- 

39-8 
39-8 
27-37 

40  ±  0  7 

D"Zn 

*  Pile  Neutrofu 


t  ArtifidaUy  AcUve 


X  Naturally  Active 


188 


y-Energy 

{Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Abtauianctof 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Fission  Yield 

PerCemt 
Abwidmteeirf 
y-RadiatioH 

Radioactwe 

PareM  or 

Daughter  of 

1-86 

"Ga 

\5'lm 

••Zn  {d^) 
'*Zn(p,Y) 

48-89 
48  89 

P"Zn 

1-863 

•••Bi 

14-5d 

D^^Po 
ly^At 
P*"Pb 

1-88 

••Ga 

68in 

••ZnO^^) 
•'Zn  id,n) 
••Cu(a,ii) 
»«Ge  (Y,pn) 

18  56 
4  11 
309 
2055 

D^Hjc 

1-88 

•»Y 

10-4h 

D^r 

1-88 

••s 

2-87h 

~70 

P  (37m)"«a 

1-89 

"•I 

86s 

•••U(ii/) 

31% 

1-89 

•TSIi 

36h 

"Ni  (/i,2h) 

5-84 
6776 
6776 

14 

P"Co 

1-89 

"*Au 

39-5h 

"»Ir  (a,3/t) 
"•Pt  (d,2n) 
'•»Pt  id,3n) 
»»«Pt(/>,ii) 

615 
329 
33-8 
329 

- 

D»»«Hg 

1-89 

"Zn 

38-3m 

••Cu  id,2n) 
••Cu(/>,/i) 
"Zn(y^) 
•♦Zn  (/i.2n) 

691 
69  1 
48-89 
48-89 

—4 

1-89 

•«Br 

60m 

20 

1-896 

"»Bi 

12-3h 

P««»Pb 
P»»"»Pb 
D^"Po 
iy«'At 

1-90 

•*Rb 

33  Od 

•»Br(a,/i) 
•»Rb  (/i.2n) 
••Sr  (d,cc) 

4948 

7215 

986 

1-90 

•«Br 

31 -Sm 

•'Rb  (/l,a) 

27-85 

1-9 

'*Ga 

7-8m 

Weak 

1-9 

•«Y 

3 -6011 

"Zr  (/!,;>) 
•«Zr  (d,(x) 

1711 
17-40 

D»«Sr 

1-907 

•••Bi 

14-5d 

D»*Po 
D»"At 
P»«»Pb 

191 

"•Cd 

55m 

"«Pd  (a^) 
>"Ag(p,3/i) 
"•Cd  (/i,2n) 

096 

51-35 
1-22 

♦  Pile  Neutrons 


t  Artificially  Active 

189 


X  Naturally  Active 


Y-Erurgy 

(Mev) 

Nuclide 

Half-Ufe 

1 

Per  Cent 
Abundance  of 
Some  Alodes             Relevant 
of  Formation              Stable 
Isotope 

Thermal  Neutron 

Activation 
Cross  Section      i 

(Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

1-92 

1 
"As 

26h 

"Ga  («,/i) 
«Ge  (/),/i) 
"Ge  {d,ln) 

60-2 
27-37 
27-37 
0-87 

D'»Se 

1^3 

••Ga 

9-45h 

«»Cu  (a,n) 
••Zn  (^,2«) 
••Zn  O,/?) 

691 

27-81 

27-81 

D««Ge 

193 

-Y 

14-6h 

"Sr  (/7,3w) 

82-56 

D"Zr 

1934 

'••Rh 

20-8h 

••Ru  (^,/i) 

12-7 

D""Pd 

!                            1 

"«Ru  (c/,2w) 

12-7 

"•Ru(/j,/i) 

12-7 

1-94 

tM[r 

41 -5h 

"'Re  (a,3«) 
"*Re  («,/i) 
"•Os  (</» 
"•Os  (^,3/i) 

62-93 
37  07 
13-3 
161 

D"«Pt 

1-94 

"•Eu 

15-4d 

"»Eu  (/7,y) 
*"U(n./) 

t 

14000  ±4000* 
0013% 

D»^Sm 

1-95 

lt4I 

4-5d 

>"Sb  (a,n) 
"*Te  (/7,/i) 
"»Sb  («,3/i) 

57-25 
4-61 

42-75 

1-95 

"•Pm 

2-7h 

^^•Nd  (/7,/i) 
i^'Nd  (^,2n) 

5-60 
560 

1959 

"•Re         ;       16-7h 

"'Re  (rt,y) 

62-93 

75  ±  15 

001 

D"«W 

"'Re  {d,p) 

62-93 

1^ 

i»«Cd 

55m 

>«Pd  (a,/l) 
"'Ag  (/7,3n) 
"•Cd  (n,2/i) 

096 

51-35 
1-22 

1^ 

"•So 

94d 

"*Sn(/i,y) 
"♦Sn  {d,p) 

5-98 
5-98 

4  ±  2mb 
0012% 

P"»Sb 

1-96 

IMI 

2-26h 

'"I(/«,y) 

t 

50  ±40 

D»«»Te 

196 

"Na        1      60s 

"Mg(/i,;;) 
"Mg  (y,p) 

1011 
11-29 

1^ 

•••Rh 

30s 

D"«Ru 

1^7) 

•^b 

1460h 

••Zr  W,2«) 

"Mo  (d,a) 
•»Mo  (y,p/l) 

51-46 
51-46 
15-86 
15  86 

D»»Mo 

2O0 

"Gc 

11 -Sh 

'•Gc(n.y) 
"Ge  (</,/») 

"•U  (/I,/) 

7-67 

7-67 

49-82 

80  ±20mb 
3-7  X  !0-»% 

P"As 

•  Pile  NeutrofM 

t  Artificially  Active 

X  Naturally  Active 

19 

0 

• 

y-Energy 

(Afro) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Ahmdanceof 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Bams)  or 
Pillion  Yield 

Per  Cmt 

Abundanetcf 
y-Radiatiom 

Radioactive 

Parent  or 

Dat^kter  of 

2-00 

"»n>Cd 

30h 

"•Cd  (/l,y) 

"•Cd  id^p) 

7-58 
758 

15  ±03 

Ancestor 
"""In 

iy"Ag 

2-00 

»"Cd 

55m 

"'AgO>,3/i) 
'•HTd  (/T,2/i) 

096 

51-35 
122 

2-0 

"•La 

77m 

D»««Ba 

2-0 

•»Tc 

275h 

•»Mo  (</,«) 
•'Mo(p,y) 

15  86 
15  86 

2-01 

"•Xc 

17m 

P"<i 

2-017 

"*Bi 
(RaQ 

197m 

D«"Pb 

(RaB) 
D«"At 
P"Po(RaO 
P^TKRaO 

202 

••Sc 

70s 

••Sc(«.y) 
••»U(/i/) 

919 

50  ±25mb 
0  21% 

P"Br 

202 

••Co 

77-3d 

••Fc  (d,ln) 
"Ni  (y./>«) 
»«FC  (a,/v) 

9168 

6776 
5-84 

I>«Ni 

2-03 

••Co 

13^ni 

••Ni(nj») 

366 

2-04 

"As 

52m 

D"Sc 

2048 

"*Ir 

190h 

"•Ir(/f,y) 
"•Ir  (J,p) 
"•Pt(y,;») 
»-Pt(y.p/.) 

61  5 
615 
33-8 
25-2 

130  ±30 

D»»H)8 

205 

•*Br 

31  8m 

•'Rb  (/i.o) 

27-85 

205 

•»Kr 

78m 

"Kr(ff.y) 
••Kr  {d,p) 
•'Rb(/i.p) 

17-37 
1737 
27-85 

60±20mh 

D»'Br 

205 

iMEu 

15  4d 

"•Eu  (/l,y) 
••'U(/i./) 

t 

14000  ±4000* 
0013% 

D"«Sm 

205 

"»Cd 

55m 

"»Pd  (a,n) 
"»Ag(p.3/i) 
"•Cd  (/i,2/i) 

0% 

5135 

1-22 

205 

"•Au 

39-5h 

"•Ir  (a,3/i) 
"•Pt  (rf.2n) 
>»»Pt  (t/,3/i) 
"♦PtO>,/i) 

615 
32-9 
33-8 
32-9 

iy»«Hg 

205 

iMir 

41  5h 

"'Re  (a,3/i) 
"»Re  (a,n) 
"•Os  (rf,2rt) 
"•Os  (rf,3ii) 

6293 
3707 
13-3 
16-1 

Di««Pt 

*  Pile  Neutrons 
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J  Naturally  Active 


Nuclide 


Hcdf-Ufe 


Some  Modes 
of  Formation 


Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 


Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 


Per  Cent 
Abundance  of 
y-Radiation 


Radioactive 

Parent  or 

Daughter  of 


•As 


"T>o 


•As 


"»Mo 

"*Sb 

MP 


•Ag 


MBQ 


•Tib 


"•Ag 


«"Bi(RaQ 


••Mn 


26-4h 


5-7h 

220m 
26h 


14-61m 
60-9d 

53-99m 


30s 
12-4S 

8-2d 


3240m 


17'8m 


3-20h 


19-7m 


2-576h 


"As  {n,y) 
"As(^,/7) 
"Br  (w,a) 
"Se(y,/») 
"•Pb  (a,3n) 

"Ca  (/j,/7) 
"Ga  {a,n) 
"Ge(p,/i) 
'*Ge  (^,2«) 
^*Se  {d,a) 
"»Mo  (n,y) 
i^oMo  {d,p) 
"»Sb  (/j,y) 
"»Sb  (^,/7) 
»*Sn  (J,2«) 

"'In(/2,y) 
"'In  {d,p) 
"•Cd  (/?,«) 

"S(/I,/7) 

"a  (/;,«) 
"»Rh  {a,n) 
^•"Pd  (^,//) 
"•Pd  (j),n) 
'"Ag  (/;,2//) 
"P(«.«) 
"S(A/i) 
"S(^,/i) 
"Rb(/J,y) 
"Rb(rf,/7) 
"Sr(//,p) 
"*Cd  {n,p) 
"•Cd  (y,p) 
"»In  (/!,«) 


»»Mn  {n,y) 
"Mn  (£/,;?) 
"Co  (/I,a) 
'^Fc(y,p) 


100 
100 

50-52 
7-58 

251 

206 

60-2 

27-37 

27-37 

0-87 

9-62 

9-62 

46-75 

46-75 

5-98 

5-98 

95-77 

95-77 

7-58 

4-215 
24-47 
100 
22-2 
27-3 
51-35 
100 
4-215 
0-750 
27-85 
27-85 
82-56 
2407 
12-26 
95-77 


100 
100 
100 
217 


5-4  ±  1-0 


0-20  ±  0-05 
2-5  ±  0-5 

155  ±  10 


012  ±  0  03 


13-3  ±  0-2 


25 


D«"Rn 

D«"At 

D"Se 


pioixc 


D"«Ru 


p»*a 


D"Kr 


D"»Pd 


D»"Pb(RaB) 
D'l'At 
P"«Po(RaC) 
P»»Tl(RaC') 


*  Pile  Neutron* 
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X  Naturally  Active 


y-Energy 

iMevJ 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron  | 

Activation              Per  Cent     j     Radioactive 
Cross  Section       Abundance  of  \       Parent  or 

(Bams)  or         ■  y-RadiatioH        Daughter  of 
Fission  Yield      \ 

213 

•»Cu 

23-4m 

••Ni  (/;.«) 

26  16 

1        5-7 

D**Za 

"Ni  {d,2n) 

2616 

"Ni  («,/>«) 

67-76 

214(?) 

"Nb 

1460h 

"Zr  {d,2n) 
••Zr  (/>,/!) 
"Mo  {d,a) 
•mo(Y,pn) 

5146 
5146 
15-86 
15  86 

D"Mo 

214 

"Y 

104h 

D^^r 

214 

"•Eu 

15-4d 

»»Eu  (/i.y) 
"»U  (/I./) 

t 

14000  ±4000* 
0013% 

D"«Sm 

215 

••a 

37 -29111 

"CI  (n,Y) 
"CI  (d,p) 
"K  (n,a) 

24-47 

24-47 

691 

0  56  ±  012 

D^ 

215 

"«Au 

39-5h 

"Mr  (a,3/f) 
"*Pt  (J,2w) 
"•Pt  (</,3/i) 
"•Pt  (j),n) 

61  5 
329 
33-8 
329 

EH^Hf 

216 

••P 

255m 

"M  (a,n) 
••Si  (/»,/!) 
•»P  (/i,2n) 

100 

312 
100 

0-5 

216 

"K 

7-7m 

»»a  (a./l) 

••Ca  id,a) 
"K(/f.2/i) 
••K(y./i) 

75-53 
9697 
9308 
93  <W 

217 

"Br 

31  Sm 

•»Rb  (/l.a) 

27-85 

217 

•»Co 

18-2h 

»«Fe  (d,n) 
"Fe(/;,y) 

5-84 
5-84 

P"Fc 

218 

•H3a 

945h 

•»CU  (a,/l) 

••Zn  (^,2n) 
••Zn  (/;,/i) 

69  1 

27-81 

27-81 

D*Kje 

218 

••Nb 

14  60h 

••Zr  id,2n) 
••Zr  (/,./!) 
••Mo  (</,a) 
••Mo  (y,pn) 

51-46 
5146 
1586 
15-86 

D"Mo 

218 

"•It 

41 -Sh 

"'Re  (a,3rt) 
"»Re  (a,/i) 
"•Os  (d,2n) 
"•Os  (</,3rt) 

6293 
37-07 
13-3 
161 

D"«Pt 

219 

"Kr 

277h 

"Kr(/i,y) 

<600 

P"Rb 
D««Br 

219 

"•Pr 

17 -27111 

Weak 

D^*K:e 

*  Pile  Neutrons 


t  Artificially  Active 
193 


X  Naturally  Active 


y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  C«ir     1 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
{Bams)  or 

Fission  Yield 

Per  Cent 

Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

2-20 

"As 

26h 

••Ga  («,«) 
'*Geip,n) 
«Ge  id,2n) 
'*Se  (d,a) 

60-2 

27-37 

27-37 

0-87 

D"Se 

2-20 

••Rb 

15-4m 

••Rb  (n,Y) 

t 

10  ±02 

D"Kr 
P"Sr 

220 

"•Sb 

16m 

2-2 

i.«I 

2-26h 

"^I  (ft,Y) 

t 

50  ±40 

D"«Te 

2-203 

'Hja 

14-3h 

"Ga  (w,y) 
"Ga  id,p) 
'*Ge(/»,p) 

"Zn-jS- 

39-8 
39-8 
27-37 

4  0  ±  0  7 

^            '' 

D"Zn 

2-204 

"•Bi 
(RaQ 

19-7in 

D"«Pb 

(RaB) 
D"«At 
P"*Po(RaC') 
P^^TKRaC") 

2-21 

»«a 

0306s 

70 

2-21 

"•Cs 

32-2m 

»»«Ba  (n,p) 

71-66 

18 

D^'Xe 

"'Cs  (n,Y) 

t 

<2 

Descendant 
'••I 

2-21 

••V 

55s 

2-23 

"•At 

8-3h 

•••Bi  (a,3n) 

100 

Weak 

p«iopo 

P"«Bi 

2-24 

"As 

26h 

••Ga  («,/!) 

"Ge  (d,2n) 
"Se  (J,a) 

602 

27-37 

27-37 

0-87 

D"Se 

2-25 

•♦Ga 

2-6m 

**Zn  (p,n) 
•*Zn  (^,2w) 

48-89 
48-89 

2-25 

••V 

16<kl 

«»Sc  (a,/l) 
♦Ti  (d,n) 

100 
73  99 
7-32 

D««Cr 

226 

•••Rh 

130m 

228 

'••Cd 

55m 

'•«Pd  (a,/l) 
••»Ag(/7.3n) 
»««Cd  in,2n) 

096 

51  35 
1-22 

230 

"Ge 

11  3h 

'•Gc(/i.y) 
'•GcW,p) 
••Se  (/J,a) 

7-67 

7-67 

4982 

80  ±  20mb 
3-7  X 10-'% 

P"As 

230 

••"Zr 

0-83S 

230 

«*o 

72- If 

"N(;;^) 

99635 

•  PiU  NeutroiM 
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X  Naturally  Active 


Pct-  C<nr 

Thermal  Neutron 

Abundance  of 

Activation              Per  Cent           Radioactive 

y-Energy 

Some  Modes 

Relevant 

Cross  Section        Abundance  of        Parent  or 

Nuelidt 

Half'Ufe 

of  Formation 

Stable 

{Bams)  or         \  y-Radiatum       Daughter  of 

Isotope 

Fission  Yield 

'-2-30 

"«Au 

39-5h 

»"Ir  (a.3/l) 

61-5 

D»»«Hg 

"♦Pt  (^,2/l) 

329 

>"Pt  (</,3/l) 

338 

"♦Pt  {p,n) 

32-9 

2-3 

'*Ga 

7-8m 

2-32 

"As 

26h 

•H3a  (a^) 
'Kjc  {p,n) 
»Hjc  (d,7n) 
'*Sc  (</,«) 

602 
27-37 
27-37 
087 

D"Sc 

2-32 

••Nb 

I4  60h 

••Zr  (dOA) 
••ZrO>,/i) 
•»Mo  {d,a) 
•»Mo  (y,/»if) 

5146 
5146 
15-86 
15  86 

ly-Mo 

2-32 

"•Cd 

55in 

>"Pd  (a,/l) 

'•^Ag(/>,3n) 
»»*Cd  (n,7n) 

0% 

51  35 

122 

2-32 

1..1 

86s 

"»U  (/!./) 

31% 

2-35 

""iNb 

13h 

•»Nb(/7.p/i) 

100 

2-35 

"•Cs 

12  9d 

'•»Cs  (/l.y) 
"•La  (n,a) 

t 
99  911 

13  ±4* 

2-36 

(RaC) 

132m 

D«"Bi 

(RaQ 
P«"Pb 

(RaD) 

2-37 

"•Rh 

30s 

D'»«Ru 

2379 

•"•Rh 

208h 

••Ru  (f/,n) 
'••Ru  (£/,2n) 
'••Ru  (j>^) 

12-7 
12-7 
12-7 

D>»»Pd 

240 

"Ga 

9-45h 

••CU  (a,rt) 

"Zn  (^,2n) 
••Zn  0»,/i) 

69  1 

27-81 

27-81 

D««Gc 

2-40 

"Kr 

2-77h 

"Kr(/i,y) 

<600 

P««Rb 
D««Br 

2-4 

"Y 

360h 

"Zr  (/i,p) 

•«Zr  (£/,a) 

1711 
17-40 

D^»Sr 

2-4 

^"La 

77m 

D»"Ba 

2-43 

"P 

4-45S 

"SiO>,/«) 

4-71 

-02 

2-43 

••Al 

6-56m 

"Mg  («,/>) 

1129 

15 

2-432 

"*Bi 
(RaC) 

197m 

D«"Pb 

(RaB) 
D»"At 

F"Po(RaC) 
P«Tl(RaCr) 

2-47 

"'Br 

31-8m 

"'Rb  (/J,a) 

27-85 

*  Pile  Neutrons 
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X  Naturally  Active 


y-Energy 
(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

{Barns)  or 
Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

2-48 

"K 

\      22-Om 

"Ca  (/!,/>) 

2-06 

2-49 

"•Cs 

12-9d 

"»Cs  {n,y) 
"•La  (/!,«) 

t 
99-911 

13  ±4* 

2-491 

'H3a 

14-3h 

"Ga  (/i,y) 
"Ga(^,/>) 
"Ge  {n,p) 
"Zn-iS- 

39-8 
39-8 
27-37 

40  ±  0-7 

D"Zn 

250 

^"La 

40-22h 

"•La  (w,y) 
"•La(rf,/7) 
"«Ce  (/i,/7) 

99-911 
99-911 

88-48 

8-2  ±  0-8 

D"»Ba 

2-5 

•*Co 

13-9m 

"Ni(/i,p) 

3-66 

2-508 

'«Ga 

14-3h 

"Ga  {n,y) 
"Ga  (</,/») 
"Ge  (/!,/>) 
"Zn-jS- 

39-8 
39-8 
27-37 

40  ±  0-7 

D"Zn 

251 

"As 

26h 

••Ga  («,«) 
"Ge  (/;,/i) 
"Ge  id,2n) 
"Se  (^,«) 

60-2 
27-37 
27-37 
0-87 

D"Se 

2-51 

"•Ag 

3-20h 

"»Cd(y,/,) 
"•In  (/I,a) 

24-07 
12-26 
95-77 

D"«Pd 

2-54 

"Sc 

3-92h 

"K(a,«) 

"Sc  {n,2n) 
*»Ca  (rf,/i) 
*H:a(/7,n) 

6-91 
100 
0-145 
2-06 

012 

D**Ti 

2-56 

••Co 

77-3d 

••Fe  {d,2n) 
••Ni(y,p/i) 
»«Fe  (a,/i;j) 

91-68 

67-76 

5-84 

D»«Ni 

2-57 

"Kr 

78m 

••Kr(/i.y) 
••Kr  {d,p) 
•'Rb  (w,p) 

17-37 
17-37 
27-85 

60  ±  20mb 

D«'Br 

2-59 

••Rb 

15-4m 

••Rb  (/j,y) 

t 

10  ±0-2 

D»»Kr 
P"Sr 

2^ 

•••w 

I4-5d 

0-3 

D20Spo 

D*"At 
p.o.pb 

2-60 

"Zn 

383m 

•»Cu  (</,2/i) 
•»Cu(/>^) 
•*Zn(y,/») 
•«Zn  (/i,2«) 

691 
69-1 
48-89 
48-89 

-0-5 

2-6(7) 

•T» 

0-288 

2-6 

•"At 

8'3h 

•••Bi  (a,3/i) 

100 

Very  weak 

piiopo 

P»»«Bi 

*  Pile  Ncutroiu 


t  Artificially  Active 

196 


X  Naturally  Active 


Y-Energy 
(MevY 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cent 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activatiom 

Crois  Section 

(Bams)  or 
Fission  Yield 

Per  Cent          Radioactive 
Abwidance  of  -       Parent  or 
Y-RadiatuM       Daughter  of 

2-61 

"•I 

86s 

"*U(/i,/) 

31% 

2-61 

•••Bi 

'-'3xl0^y 

•••Pb  (d,2n) 

52-3 

2-62 

(ThC) 

3-lOm 

MOO 

D»"Bi 

(ThQ 

2-63(?) 

"As 

26h 

••Ga  (a,fi) 
'•Ge(p,/i) 
»Hje  (d,2n) 
"Se  id,a) 

602 
27-37 
27-37 
087 

D"Sc 

2-63 

"•Ag 

8-2d 

"•Rh  (a,n) 
"»Pd  (d,n) 
"•Pd(/>,/i) 
"»Ag  (/f.2/i) 

100 

22-2     ' 
27-3 
51-35 

2-63 

"•Cs 

32-2m 

"•Ba  (n,p) 

71-66 

9 

iy"Xc 

"»Cs  (n.y) 

t 

<2 

Descendant 
"•I 
I>^Zn 

264 

••Cu 

23 -4m 

••Ni(/7,/i) 

2616 

55 

••Ni  (d,2n) 

26  16 

••Ni  (a,/>/l) 

67-76 

2-65 

"As 

91 -Om 

•>Br(/i.a) 
"Se  (/!.;>) 

4948 
23-52 

<H>2 

D^^Gc 

266 

"•Rh 

30s 

D»»^Ru 

2-68 

••Rb 

17 -8m 

"Rb  (/t.y) 
"Rb(J./») 
"Sr  (/.,/,) 

27-85 
27-85 
82-56 

0  12  ±  0O3 

lyKr 

2-7 

..mjc 

43 -Sm 

•»Mo  (d,n) 

15-86 

2-73 

•*Tc 

53m 

•*Mo  (p,n) 
•*Mo  (^,2rt) 

912 
912 

D^*Ru 

2-73 

•*A1 

21s 

"MgO'.n) 

78-6 

2-75 

••Ga 

945h 

••Zn  (f/,2n) 
"Zn  (/,,/!) 

69  1 

27-81 

27-81 

Ty*Gt 

2-75 

••Rb 

15-4m 

"Rb(/i,y) 

t 

1-0  ±  0  2 

D^»Kr 
P»»Sr 

2-75 

"opm 

2-7h 

""Nd  (p,n) 

5-60 

2-75 

••a 

l-4m 

2-754 

"Na 

14-97h 

"Na  (/f.y) 

100 

536  ±  lOmb 

2-76(?) 

"As 

26h 

"Ga  («,/») 
^•Ge(p./i) 
»«Ge  (J,2/») 
"Se  (d,a) 

602 
27-37 
27-37 
0-87 

D»«Sc 

2-76 

••Y 

104d 

••Sr  (</,2/i) 
"Sr  0,/i) 
••Y  (n,2n) 

82-56 
82-56 
100 

D^^Zr 

•  Pile  Neutrons 


t  Artificially  Active 
197 


X  Nattirally  Active 


y-Energy 

{Mev) 

Nuclide 

Half-Ufe 

Some  Modes 
of  Formation 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 

Activation 

Cross  Section 

(Barns)  or 
Fission  Yield 

Per  Cent 

Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

2-79 

"*Ag 

320h 

"K:d  {n,p) 
"»Cd(y,/7) 
">In  (n,a) 

24-07 
12-26 
95-77 

D"»Pd 

2-8 

'«Ga 

7-8m 

Weak 

2-82 

"Br 

31-8m 

"Rb  (n,a) 

27-85 

2-827 

'Hja 

14-3h 

"Ga  (n,y) 
"Ga  {d,p) 
"Ge  (/!,/>) 
"Zn-/3- 

39-8 
39-8 
27-37 

4-0  ±  0  7 

D"Zn 

2-84 

"•I 

86s 

*»U(n,/) 

3-1  % 

29 

»"La 

77in 

D"*Ba 

29 

"a 

2-8s 

"S(/7,/l) 

95-018 
0-750 

0-3 

291 

"As 

26h 

"Ga  (a,/i) 
"Ge  (/7,Ai) 
"Ge  {d,2n) 
"Se  (</,«) 

60-2 
27-37 
27-37 
0-87 

D"Se 

2-96 

"Al 

8  X  10»y 

"Na  (a,/i) 

"Mg(/7,/,) 

"Mg(Ay) 
"Al  (y,n) 

100 
11-29 
10-11 

100 

0-3 

298 

"Co 

77-3d 

"Fe  {d,2n) 
"Ni  (y,/7/i) 
"Fe  (a,«p) 

91-68 

67-76 

5-84 

D"Ni 

30 

"As 

26h 

"Ga  (a,//) 
"Ge(/7,/;) 
"Ge  (</,2n) 
'*Se  {d,a) 

60-2 
27-37 
27-37 
0-87 

D"Se 

300 

>n^ 

4022h 

'"La  (/i,y) 
"•La  {d,p) 
"•Ce  (/j,p) 

99-911 
99  911 

88-48 

8-2  ±  0-8 

D»"Ba 

'^3 

•'Br 

556s 

'*Sc(a./;) 

0-87 

P"Kr 

30I 

"Rb 

17-8111 

'•Se  {d,n) 

•'Rb  (/J,y) 
•'Rb(J,/7) 
"Sr(/i.p) 

902 

27-85 
27-85 
82-56 

012  ±  003 

P"Kr 

^.  <2%  of . 
Disintegration!) 

D"Kr 

303 

"Br 

31  Sin 

•'Rb  (/»,«) 

27-85 

3086 

'Hja 

143h 

"Ga  (/i,y) 
"Ga(J,/7) 
"Gc(/i.p) 
"Zn-/5- 

39-8 
39-8 
27-37 

40  i;  0  7 

D"Zn 
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i  Naturally  Active 


Y-Energy 

(Mev) 

Nuclide 

Half-Life 

Some  Modes 
of  Formation 

Per  Cent 

Abitndance  of 

Relevant 

Stable 

Isotope 

1   Thermal  Neutron  ! 

Activation              Per  Cent 
Cross  Section        Abundance  of 
(Bams)  or           y-/2a<iianan 
Fission  Yield 

1 

Radioaetive 

Parent  or 

Daughter  of 

3-09 

"S 

5-04ni 

••S  in,Y) 

0O17 

1                         ; 

0  14  ±  0-04    i                   i 

"C\  in,p) 

24-47 

3  10 

"Ca 

8  8m 

••Ca  (/I,y) 
••Ca  (d,p) 

0185 
0  185 

11  ±0^1 

3-13 

••Cu 

23  ^m 

••Ni(/>^) 
••Ni  (d,2rt) 
••Ni  (a,pn) 

26  16 
26  16 
67  76 

3-7 

D«»Zn 

3-18 

"•I 

86s 

"•U  (/I./) 

31% 

3-22 

»«™C1 

32-40m 

**Sip/t) 
"S  id,n) 

100 
4215 
0750 

?**C\ 

324 

•"Rb 

17-8m 

•'Rb  (/I,y) 
•'Rb  {d,p) 
•'Sr(/i./,) 

27-85 
27-85 
8256 

012  ±003 

D'^Kr 

3-24 

••Ga 

9-45h 

•»CU  (a,/l) 

••Zn  id,2n) 
••ZnO>./i) 

69  1 

27-81 

27-81 

iy*Ge 

3  25 

•*Ga 

26in 

"Zn  ip,n) 
••Zn  id,2ti) 

48  89 
48  89 

3-25 

'•Co 

77-3d 

••Fe  id,2n) 
"Si{Y.pn) 
•«Fe  ia,np) 

9168 

67-76 

5-84 

D»«Ni 

3-27 

•«Tc 

53m 

••Mo  ip,n) 
•«Mo  (d,2n) 

912 
912 

D»«Ru 

3-28 

•«Br 

31  8m 

•'Rb  (/l.a) 

27-85 

3-34 

"•Cs 

322m 

•••Ba  (/i.p) 

71-66 

0-5 

D'»^Xc 

'»'CS  (/I.y) 

t 

<2 

Descendant 
D'*Zn 

3350 

'•Ga 

143h 

"Ga  (n,Y) 

39-8 

40  ±  0  7 

"Ga  (J,p) 

398 

^•Ge  («,/)) 

27-37 

"Zn-/3- 

3-4 

"•La 

77m 

D'**Ba 

3^1 

••Ga 

9-45h 

••Cu  («./i) 
••Zn  (rf,2/i) 
••Zn07./i) 

69  1 

27-81 

27-81 

D^^Ge 

3-47 

••Co 

77-3d 

••Fe  id,2n) 

'•Ni  (y,/,/l) 
•*Fe(y,/»p) 

91-68 

67-76 

5-84 

D"Ni 

3-5 

'•Ca 

066s 

3-52 

••Rb 

15-4m 

»»Rb  in,Y) 

t 

10  ±  0-2 

iy»Kr 
P«»Sr 
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y-Energy 
(Afec) 

Nuflidf. 

Half-Ufe 

Some  Modes 
of  Formation 

Per  Cenf 

Abundance  of 

Relevant 

Stable 

Isotope 

Thermal  Neutron 
Activation 

Cross  Section 
(Barns)  or 

Fission  Yield 

Per  Cent 
Abundance  of 
y-Radiation 

Radioactive 

Parent  or 

Daughter  of 

3-52 

'    "Rb 

17-8m 

"Rb  (/I,y) 
"Rb  {d,p) 
""Sr  {n,p) 

27-85 
27-85 
82-56 

0  12  ±  0-03 

D"Kr 

3-52 

••Cu 

23-4in 

•"Ni  {p,n) 
•»Ni  {d,2n) 
"Ni  {a,pn) 

26-16 
26-16 
67-76 

20 

D«»Zn 

3-6(?) 

♦*K 

22-Om 

"Ca  (ti,p) 

206 

3-68 

"Rb 

17-8m 

"Rb(/z,y) 
"Rb  {d,p) 

27-85 
27-85 
82-56 

01 2  ±  003 

D"Kr 

3-74 

"As 

26h 

••Ga  («,«) 
"Ge  (j),n) 
"Ge  {d,2n) 
'♦Se  {d,a) 

60-2 

27-37 

27-37 

0-87 

D"Se 

3-75 

♦"Sc 

0-22S 

378 

"Ga 

9-45h 

•»Cu  (a,/l) 
••Zn  (</,2/i) 
••Zn  (/>,/i) 

691 

27-81 
27-81 

D««Ge 

3-79(?) 

»h:i 

0-306S 

-10 

3-93 

•*Br 

3 1 -8m 

•'Rb  (/!,«) 

27-85 

4-0 

»«P 

12-4S 

"CI  (/J,a) 

4-215 
24-47 

0-2 

40 

••Cu 

23-4m 

••Ni  (/),«) 
•«Ni  (</,2/i) 
'•Ni  («,/7/;) 

26-16 
2616 
67-76 

1-1 

D«»Zn 

4^ 

**Ca 

8-8m 

"Ca(/7,y) 
"Ca  (^,/?) 

0185 
0185 

1-1  ±01 

4  12 

••Ga 

945h 

•»Cu  (a,/j) 
••Zn  (^,2«) 
••Zn  (/?,/!) 

69  1 

27-81 
27-81 

D^»Ge 

4-2 

"Al 

2-ls 

"Mg(p./i) 

78-6 

4-27 

»*a 

0306s 

7 

4-33 

••Ga 

9-45h 

••Cu  (a./l) 
••Zn  (rf,2n) 
••ZnO;^) 

69  1 

27-81 
27-81 

D^^Gc 

4-44 

«.p 

0-28S 

10 

-4-5 

'•B 

0019s 

'*C  (f/,a) 
•»N  (/I,a) 

t 
0-365 

468 

••Ca 

8-8in 

♦•Ca  in,y) 
**Ca(J,p) 

0185 
0-185 

11  ±01 

4-77 

•Kn 

0306s 

14 

483 

••Ga 

945h       1 

•»Cu  («,«) 
••Zn  {d,2n) 
••Zn  (/;,«) 

691 

27-81 

27-81 

D«*Gc 
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Per  Cent 

Thermal  Neutron  , 

Abundance  of 

Activation        j     Ptr  Cent          Radioactive 

y-Energy 

{Mev) 

Some  Modes 

Relevant 

Cross  Section      \Abtmtlamceof 

Parent  or 

Nuclide 

Half-Ufe 

of  Formation 

Stable 

{Bams)  or        1  y-Radiatitm 

Daughter  of 

Isotope 

Fission  Yield 

4-87 

"Rb 

17  8m 

"Rb  {n,y) 

"Kh{d,p) 

*'ST(n,p) 

27-85 
27-85 
82-56 

0  12  ±  0-03 

D"Kr 

4-93(?) 

"P 

0-28s 

5-3 

»C 

2-25S 

'*C(d,p) 

t 

5-4 

««A1 

21s 

"Mg(p,/i) 

78-6 

5-4 

"Br 

556s 

^*Sc(a,/7) 

'•Sc  (f/,/i) 

087 
902 

P"ICr 
P"ICr 

(2%  of 
Ditinucratioafi) 

60 

"Q 

14m 

6  1 

"P 

028s 

613 

"N 

7-35S 

"N  (/I,y) 

0365 

0365 

99759 

24  ±  8;/b 

6-7 

t.p 

028s 

70 

"P 

028s 

710 

"N 

7-35S 

»N  {n,y) 
"N  {dj>) 
'*0{n,p) 

0-365 

0365 

99759 

24  ±  8/ib 

7-1 

««A1 

21s 

**Mg(j>,n) 

78-6 

7-6 

tsp 

0-28S 

0-5 

8-88 

»«N 

7-35S 

"N(/i.y) 
»N  (</,;7) 

0-365 

0-365 

99-759 

24  ±%nh 

/ 
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794  Gamma-rays  of  radionuclides 
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